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ABSTRACT

Mitigation of Medusahead (Taeniatherum caput-medusae) Through Grazing and
Revegetation on the Channeled Scablands of Eastern Washington

by

Clinton A. Stonecipher, Doctor of Philosophy
Utah State University, 2015

Major Professor: Dr. Juan Villalba
Department: Wildland Resources

A large portion of the historical steppe and shrub-steppe habitats in eastern
Washington have been altered through biotic and abiotic processes resulting in the annual
grass medusahead (Taeniatherum caput-medusae (L.) Nevski) becoming a large
component of the altered vegetation. Experiments were conducted to determine whether:
1) protein supplementation would help increase utilization of medusahead by cattle, 2)
native and introduced grass cultivars could establish in the region, and 3) mechanical
disturbance would aid in establishing Vavilov II Siberian wheatgrass (Agropyron fragile
[Roth] P. Candargy) and Immigrant forage kochia (Bassia prostrata [L.] A.J. Scott).
Cattle grazing medusahead-infested rangeland for 10-d periods during summer months
increased consumption of medusahead due to a reduction in the quality of forage
alternatives. Cattle supplemented with a protein concentrate increased consumption of
medusahead during d 6 to 10 of the grazing periods resulting in a reduction of
medusahead abundance over time. Introduced grass cultivars; Vavilov II, Hycrest II
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crested wheatgrass (Agropyron cristatum [L.] Gaertn.), and Bozoisky II Russian wildrye
(Psathyrostachys juncea [Fisch.] Nevski), and a native grass mix; Sherman big bluegrass
(Poa secunda J. Presl), Secar Snake River wheatgrass (Elymus wawawaiensis J. Carlson
& Barkworth), Bannock Thickspike wheatgrass (Elymus lanceolatus [Scribn. & J.G. Sm.]
Gould), and Recovery Western wheatgrass (Pascopyrum smithii [Rydb.] Á. Löve) were
planted at three locations. Sherman big bluegrass was the only native species that
established with 47 % initial establishment and persistence increasing to 65 % over the
course of the study. Hycrest II had 64 % stand establishment but persistence decreased to
48 % and Vavilov II had 57 % initial establishment and decreased to 50 %. Sherman Big
bluegrass had greater biomass production in May however, the later maturing Hycrest II
and Vavilov II had similar biomass production to Sherman Big bluegrass in July.
Bozoisky II had poor stand establishment and decreased over the course of the study.
Mechanical disturbance from disking in the fall was successful in establishing Vavilov II
and Immigrant forage kochia. In conclusion, cattle can be used to reduce medusahead
abundance in rangelands and revegetation with Vavilov II, Hycrest II and Sherman big
bluegrass was successful. Mechanical disturbance was successful in aiding in
establishment of Vavilov II and Immigrant forage kochia.
(179 pages)
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PUBLIC ABSTRACT

Mitigation of Medusahead (Taeniatherum caput-medusae) Through Grazing and
Revegetation on the Channeled Scablands of Eastern Washington
Clinton A. Stonecipher

A large portion of the historical steppe and shrub-steppe habitats in eastern
Washington have been altered through biotic and abiotic processes resulting in the annual
grass medusahead becoming a large component of the altered vegetation. Experiments
were conducted to determine: 1) if supplementing cattle with protein would help increase
utilization of medusahead, 2) the grass species that could establish in the region, and 3) if
mechanical disturbance would aid in such revegetation efforts. Cattle grazing
medusahead-infested rangeland increased consumption of medusahead after all forage
matured due to a reduction in the quality of forage alternatives. Cattle supplemented with
protein increased consumption of medusahead later in the 10-day grazing periods
resulting in a reduction of medusahead abundance. Introduced grass species; Vavilov II,
Hycrest II crested wheatgrass, and Bozoisky II Russian wildrye, and a native grass mix;
Sherman big bluegrass, Secar Snake River wheatgrass, Bannock Thickspike wheatgrass,
and Recovery Western wheatgrass were planted at three locations. Sherman big bluegrass
was the only native species that established. Hycrest II and Vavilov II also established
and Bozoisky II failed to establish. Biomass production of Hycrest II, Vavilov II, and
Sherman big bluegrass was similar during the summer harvest. Mechanical disturbance
from disking in the fall was successful in establishing Vavilov II and Immigrant forage
kochia. In conclusion, cattle can be used to reduce medusahead abundance and Vavilov
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II, Hycrest II and Sherman big bluegrass are recommended species for revegetation
efforts in the scablands of eastern Washington. Mechanical disturbance can be used to
help establish Vavilov II and Immigrant forage kochia.
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CHAPTER 1
INTRODUCTION

The Channeled Scablands, in the state of Washington, east of the Cascade
Mountains represents over 2 000 square miles of land with important economic,
historical, and environmental significance to the western U.S. for cattle grazing, wildlife
survival, hunting, tourism, and farming. The Channeled Scablands were created by
catastrophic floods between 14 000 and 20 000 years ago; these floods removed the
fertile loess soil from vast areas down to the basalt rock. As settlers moved into the
region, the deep tracts of fertile loess soil that remained were plowed and converted to
farm ground. The remaining areas that were not suitable for farming were heavily used
for livestock grazing. Since 1900, 94 % of the grasslands in the Palouse region have been
altered (Black et al., 1998) and a little over 1 % of the original Palouse Prairie still exits
(Noss et al., 1995). The resulting altered ecosystem has led to the establishment of annual
grasses such as downy brome (Bromus tectorum L.) and medusahead (Taeniatherum
caput-medusae [L.] Nevski). These annual grasses have become dominant components of
the vegetation. The lack of good quality forage, on the annual grass ecosystem, leads
pregnant cows to graze lupine (Lupinus spp.) – a poisonous but relatively nutritious plant
– later in the season as other forages mature and decline in palatability and nutritional
quality. Cows that graze lupine during 40 to 100 d of gestation are at risk of crooked calf
syndrome (Panter et al., 1997). Crooked calf syndrome results in skeletal type
malformations in offspring (Lee et al., 2008). Livestock producers in the region are
looking for solutions that result in new management approaches to help prevent or
minimize the occurrence of this production loss.
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Past grazing studies have determined the timing when cattle typically begin to
graze lupine on the Channeled Scablands (Ralphs et al., 2006; Lopez-Ortiz et al., 2007).
However, there is a knowledge gap regarding the influence of other managerial
approaches that can reduce poisoning, such as the provision of supplements that
complement the nutritional context offered by rangelands to increase grazing pressure on
invasive annual grasses like medusahead, or the re-introduction of perennials to restore
degraded rangelands.
Chapter 2 is a review of the literature describing the creation of the Channel
Scablands, historical alteration of the native vegetation, medusahead introduction,
biology, and potential control methods to reduce medusahead abundance, and the
occurrence of lupine in the plant community and the problem it represents for the region
as a poisonous plant.
Chapter 3 describes a grazing study that was conducted in the Channeled
Scablands of eastern Washington to determine the reduction in medusahead abundance
when cattle graze medusahead during the summer months and the effect of a protein
supplement on medusahead consumption. Supplemented and non-supplemented cattle
grazed medusahead-infested rangeland over two consecutive years during the months of
June, July, and August. Grazing behavior and vegetation measurements were carried out
to determine utilization of medusahead and other forage species in the plant community.
Chapter 4 describes revegetation efforts to find forage species that will establish
on the harsh environment of the Channeled Scablands and thus provide an alternative
forage source in lupine- and medusahead-invaded rangelands. Vegetation was monitored
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to determine if the seeded entries would establish, persist over time, and compete with
medusahead.
Chapter 5 describes efforts to restore medusahead-invaded rangelands with
Vavilov II Siberian wheatgrass (Agropyron fragile [Roth] P. Candargy) and Immigrant
forage kochia (Bassia prostrata [L.] A.J. Scott) following mechanical disturbance with a
disk during the fall across different locations in the Scablands.
Chapter 6 describes the vegetation in eastern Washington and the type of
ecosystem alteration that has occurred through time. A state and transition model was
developed for the region to describe the vegetation dynamics occurring in the region.
The invasion of plant communities by medusahead is leaving livestock producers
in the region with few remaining vegetation choices for their livestock to graze.
Livestock are left with learning to adapt to the poor nutritional annual grass medusahead
and the higher nutritional poisonous plant lupine. Exploring methods that aid in the
utilization of medusahead and in the reduction of utilization of lupine is significant to
livestock producers in the scablands of eastern Washington. Thus, the aim of this work
involves devising methods that optimize grazing medusahead by livestock and
determining plant species that can establish and persist in the region as well as methods
that can help to establish plant species that lead to alternative forages for livestock.
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CHAPTER 2
LITERATURE REVIEW

GEOLOGIC SETTING OF THE REGION
The state of Washington east of the Cascade Mountains is steeped in geological
history. The Columbia Plateau was formed as basalt erupted from fissures and spread
over the region during the Miocene period (Hooper, 1982). Columbia River Basalt flows
occurred between 17 and 6 million yrs ago. The flows are extensive and deep, estimated
at 1 220 to 1 524 m. The Columbia Plateau is a vast area covering eastern Washington,
southwestern Idaho, and northern Oregon. The Columbia Plateau is bounded by the
Cascade Mountains to the west, the Okanogan Highlands to the north, the Blue
Mountains to the south, and the Bitterroot Mountains to the east. Weighed down by the
heavy basalt, the underlying crust gradually sank and produced the saucer-shaped
Columbia Basin (Allen et al., 2009). The area tilts downward toward the southwest, is
lowest along the eastern flanks of the Cascades, and rises gradually to the east. Glacial
dust and silt blown in from the glacial outwash plains during the Pleistocene period
created loessial soil that covered the basalt. The highly productive loess covers much of
the Columbia Basin and ranges from 5 to 130 cm deep (Williams, 1991).
During the last Ice Age, between 14 000 and 20 000 yrs ago, the Cordilleran ice
sheet moved south out of Canada into the panhandle of Idaho creating a large ice dam on
the Clark Fork River. About 2 170 cubic kilometers of water backed up into Montana to
create Glacial Lake Missoula (Waltham, 2010). Due to the sheer volume of water, the ice
dam eventually floated and broke, causing a large pulse of water to be released and the
lake to drain within a few day’s time. An area of 7 770 km2 (3 000 mi2) within the
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Columbia Plateau was swept by the water from the glacial floods removing the loess and
silt cover (Bretz, 1923) with 5 180 km2 (2 000 mi2) scoured and eroded into the basalt
bed rock (Bretz, 1928). A large network of scoured channels between islands of loess
were carved by the floods and are known today as the Channeled Scablands. Numerous
catastrophic floods occurred through time continuing to remove the fertile loess soil
down to the basalt layer. Water from the great floods had to pass through Wallula Gap
prior to reaching the Columbia River and eventually draining to the ocean. The Wallula
Gap is about 1 km wide and water backed up at this location to create temporary Lake
Lewis until it drained within a matter of weeks (Waltham, 2010). Sediment built up near
the Wallula Gap during each subsequent flood. A breach in an irrigation canal during the
1990’s near the Wallula Gap exposed evidence of 39 separate layers of silt and clay
deposited during each event of the filling of Lake Lewis, providing evidence of at least
39 large flood events occurring in the Channeled Scablands.

CLIMATE
The temperate environment of the Columbia Plateau is indusive of warm-to-hot
dry summers with cool moist winters and is influenced by the Cascade Mountains.
Rainfall comes from the west, off the Pacific Ocean. The height of the Cascade Range
presents a barrier to prevailing coastal moisture systems from the Pacific Ocean leaving
the east side of the mountains in a rain-shadow. The region is semi-arid with low
precipitation and humidity, with two-thirds of the precipitation occurring during the nongrowing season in the fall and spring. Light showers can occur during the summer
months but have little influence on the water content of the soil (Weaver, 1917). The
lowest regions of the Columbia Basin, in the central and western portions, are the driest
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since they lie in the Cascade’s rain shadow; annual precipitation ranges from 150 mm in
the lowest parts of the Columbia Plateau to 550 mm in higher elevations near the
transition with forested zones (Daubenmire, 1970). Much of the Columbia Plateau is in
the 255 to 405 mm precipitation zone (USDA, 2006). As elevations gradually rise
towards the east, northeast, and south, precipitation increases and temperatures cool
(Franklin and Dyrness, 1973).

CURRENT VEGETATION AND HISTORIC TRENDS
The Columbia Basin Province of eastern Washington was once a large,
contiguous area of steppe and shrub-steppe vegetation, over 6 000 000 ha (Franklin and
Dyrness, 1973). Vegetation distribution in the region is influenced by edaphic,
topographic, and soil moisture conditions (Daubenmire, 1970). Vegetation on the drier
regions to the west are classified as a shrub-steppe ecosystem consisting of a sagebrush
(Artemisia tridentata Nutt.)-perennial grass community. The harsh, dry climate of the
Columbia Basin has led to diverse vegetation communities dominated by shrubs and
grasses. The lowest portions of the Columbia Basin are dry enough that sagebrush is the
dominant upper story and perennial bunchgrasses the dominant understory. Other shrubs
include Purshia tridentata (Pursh) DC, Artemisia rigida (Nutt.) A. Gray, Artemisia
arbuscula Nutt., and Atriplex confertifolia (Torr. & Frém.) S. Watson (Franklin and
Dyrness, 1973). Large perennial grasses include Pseudoroegneria spicata (Pursh) Á
Löve, Festuca idahoensis Elmer, Leymus cinereus (Scribn. & Merr.) Á Löve, and
Achnatherum thurberianum (Piper) Barkworth, and alien invaders including Bromus
tectorum L., Poa pratensis L., and Taeniatherum caput-medusae (L.) Nevski (Franklin
and Dyrness, 1973).
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The Palouse Prairie is located in the eastern portion of the Columbia Plateau in
eastern Washington and adjacent northern Idaho (Caldwell, 1961). It is located in the
more moist regions with deep loess soils. The soil and climatic conditions are favorable
for production of grains and the original prairie has been reduced to less than 1 % due to
conversion to farm land and heavy grazing use as the European-Americans settled the
region (Noss et al., 1995). The Palouse Prairie was once an extensive grassland system
characterized by dense bunchgrasses (Weaver, 1917; Daubenmire, 1942; Buechner, 1953;
Kaiser, 1961) and was covered in perennial caespitose grasses, herbaceous dicots, and
low shrubs on the uplands (Weaver, 1917; Daubenmire, 1970). However, most of the
original perennial grass prairie was gone by 1900 (Black et al., 1998). It has been reduced
to small remnants in areas with shallow soil, steep slopes, and rocky ridgetops that are
undesirable for farming (Dobler et al., 1996).

GRAZING: PAST AND PRESENT
Ancestors of the present-day Nez Perce Indians were the first inhabitants of the
region. They are believed to have arrived more than 12 000 yrs ago and for the last 2 000
yrs they lived in the river canyons harvesting salmon during spring, summer, and fall, and
traveling to the prairies to harvest camas bulbs (Camassia quamash [Pursh] Green) in the
spring (Josephy, 1965; Meinig, 1968). Areas of land that were wet in the winter and
spring formed a plant community dominated by dense stands of camas (C. quamash), a
liliaceous forb with edible corms that were an important food source for the native people
that inhabited the area (Weddell, 2002). The Native Americans utilized fire to manage
vegetation and camas using low-intensity, high-frequency burns (USDA, 1996). As
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immigrants moved into the region, they started grazing, harvesting hay, and cultivating
the land which led to the reduction of camas (Weddell, 2002).
European-American settlement began in the region in the mid 1800’s. The area
was politically organized during the 1870’s and 1880’s. The land was used for grazing
during the initial settlement. Settlers quickly learned the rich loam soils formed loess
were excellent for growing wheat. Grain farming, primarily wheat, began on drier
meadows and lower side slopes. The steep hills, hilltops, wet meadows, and scoured
scablands were left for livestock pasture. Heavy grazing and intense farming altered
water tables in wet meadows and as they dried were converted to farm ground (Victor,
1935). Farming displaced the native vegetation and led to an increase in soil erosion.
Grazing was of limited importance in the region prior to arrival of EuropeanAmerican settlers (Daubenmire, 1970; Galbraith and Anderson, 1971). Steppe and shrubsteppe vegetation in the Columbia Basin evolved without large herds of grazing animals
which makes the native perennial grasses susceptible to grazing pressure. In the 1700’s,
domesticated horses were introduced to Indian tribes in the region from the Shoshone
tribe of southern Idaho (Haines, 1938). The first intensive grazing pressure in
Washington ranges occurred from horses (Harris, 1991). Limited grazing was confined to
wildlife such as deer, wapiti, and antelope prior to the arrival of the horse in the early
1700’s. Cattle were introduced in 1834 (Daubenmire, 1970) and sheep about 1860
(Franklin and Dyrness, 1973). Reports of as many as 200 000 livestock and feral horses
were present by 1855 (Daubenmire, 1970) and ranges became fully stocked in the early
1870’s (Harris, 1991). Sheep were generally more abundant than cattle until about 1940
(Franklin and Dyrness, 1973). Overgrazing occurred throughout the region from the late-
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1800’s to the mid-1900’s leading to degradation of native vegetation in the region (Pyke
and Borman, 1993). As settlers moved into the region, they introduced exotic alien plants
from Europe and Asia (Mack, 1986). These introduced plants were able to gain a foot
hold as overgrazing reduced the native plant community and competition. Range
conditions reportedly improved from 1900 to 1950 (Chohlis, 1952; Daubenmire, 1970).

GRAZING AND THE EMERGENCE OF ANNUAL INVASIVE GRASSES
Heavy grazing has changed the vegetation dynamics and altered the shrub-steppe
and provided an opportunity for annual invasive grasses downy brome and medusahead
to invade. Downy brome and medusahead were introduced into the region in the late
1800’s and levels of infestation have slowly progressed throughout the region. Downy
brome was collected in 1893 near the railroads north of Ritzville, WA, and became a
dominant species in the steppe of the Intermountain West by 1930 (Mack, 1981). Downy
brome invaded into spaces that were left void as the more desirable forage was reduced
due to historic livestock grazing (Young et al., 1987). For example, as P. spicata
decreases in abundance due to heavy grazing, downy brome increases in density (Young,
1943). Downy brome is a winter annual that germinates in the fall or the following spring
(Mack and Pyke, 1983), is a prolific seed producer which ensures its annual recruitment
(Hulbert, 1955) and has been recognized as a good quality forage source (Murray et al.,
1978) for livestock early in its growth stage (Hull and Pechanec, 1947). Grazing downy
brome prior to seed set can reduce its density, size, and seed bank retention (Vallentine
and Stevens, 1994; DeFlon, 1986). Daubenmire (1940) reported that spring grazing of
downy brome by sheep reduced stand abundance and the seed bank. Mosley et al. (1999)
reported that grazing for two consecutive years significantly reduced downy brome
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recruitment. Several producers (Brandon Spencer, Dick Coon, Roy Clinesmith, personal
communication; Luke McRae, Appendix B) in the Channeled Scablands of eastern
Washington utilize downy brome as a forage source on their rangelands.
Repeated downy brome grazing has provided an opportunity for medusahead to
replace this species and medusahead has been reported to colonizing portions of downy
brome ranges (Torell et al., 1961; Young and Evans, 1970). Medusahead has become a
prominent annual invader in the Columbia Plateau where Franklin and Dyrness (1973)
report it to be a superior competitor that dominates many sites in the shrub-steppe habitat
in eastern Washington. Medusahead has replaced downy brome in eastern Oregon and
Idaho (Young and Evans, 1970) and continues to replace downy brome throughout the
Intermountain West (Young, 1992).
Medusahead is an aggressive invasive species and has the ability to rapidly spread
and suppresses or displaces desirable vegetation due to its competitive ability. It degrades
wildlife habitat, reduces livestock forage, and has a negative impact on ecosystem
function (Davies and Svejcar, 2008). Within the Intermountain West, large areas of
rangeland have been invaded by medusahead, however, within North America the
amount of land actually infested by medusahead is small relative to the area it could
potentially invade in the future (Davies and Johnson, 2008). Hence, caution should be
taken to limit its spread.
Medusahead is a member of the Triticeae tribe in the grass family, Poaceae. The
plant has a slender stem, produces few leaves, and the leaves are less than 0.3 cm (oneeighth in) wide. It is a bright green color until it starts to mature and senesce at which
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time it changes to a purplish color and as it continues to mature it turns a tan color (Kyser
et al., 2014).
Medusahead is a winter annual that typically germinates in the fall but has the
ability to germinate in winter and spring months under favorable conditions. It
overwinters as a seedling with the ability of root growth to continue at low temperatures.
It has a fibrous root system which allows it to utilize soil moisture in the upper soil
surface and roots have been measured as deep as 100 cm (40 inches; Hironaka, 1961)
allowing it to extract deeper soil moisture. Medusahead roots have thick cell walls that
allow it to conduct water through very dry soil horizons (Harris, 1977). It begins its
growth early in the spring capitalizing on available soil moisture and warming
temperatures before other species break dormancy. It reaches 0.15 m to 0.5m (6 in to 20
in) in height depending on available resources. Flowering and seed set occur in the spring
to mid-summer and the seed typically persists in the head until fall (Sharp et al., 1957).
The plant produces a dense spike of individual florets that contain thin sharp
awns. The inflorescence contains 2 to 3 spikelets per node. The longer of 2 awns in each
spikelet contains upward pointing barbs. The seeds are about 6 mm long and the awns are
5 to 10 cm long. The awns are straight and compressed when green but twist and spread
erratically upon drying which gives resemblance to the mythical Medusa’s head.
Medusahead is a prolific seed producer predominantly self-pollinated (Young,
1992), and entirely dependent upon seed production for regeneration. Seed dormancy
occurs due to inhibitory substances in the awns of fresh seeds (Nelson and Wilson, 1969).
Medusahead seeds have a temperature-related dormancy. Germination occurs at 10° C to
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15° C (50° F to 60° F) and drops off considerably at higher temperatures until it goes
through an afterrippening period of about 180 d (Young et al., 1968).
Medusahead has a high ash content compared to other grass species comprised of
75 % silica amounting to more than 10 % of the dry matter of the plant (Bovey et al.,
1961). The deposition of silica occurs in the barbs of awns and the epidermis of the
leaves (Bovey et al., 1961). As a result of silica, medusahead builds up a thick litter layer
that is slow to decompose and reduces the ability of desirable plant species to have good
seed to soil contact, hence, reducing establishment. Medusahead has adapted to germinate
without good soil contact, provided appropriate relative humidity and temperature levels
are present (Young, 1992). The seeds germinate within the thatch layer and the roots
make their way down to the soil.

MEDUSAHEAD: INTRODUCTION, OCCURRENCE, AND NEGATIVE
IMPACTS ON U.S. RANGELANDS
Medusahead was introduced into the United States from the Mediterranean region
of Eurasia (McKell et al., 1962). This region has similar temperature and moisture
patterns as found throughout the Intermountain West. Summers are warm and dry. Fall,
winter and spring months are cool to cold and moist.
Three distinct geographical and morphological subspecies of medusahead have
been recognized (Frederiksen, 1986). Taeniatherum caput-medusae (L.) Nevski subsp.
crinitum (Schreb.) Melderis is recognized as having a very strict spike and occupies from
Greece and the former Yugoslavia eastward to Afghanistan. Taeniatherum caputmedusae (L.) Nevski subsp. caput-medusae (L.) Wipff has a large open spike with
straight awns and is found in Spain, Portugal, southern France, Morocco, and Algeria.
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Taeniatherum caput-medusae (L.) Nevski subsp. asperum (Simk.) Melderis is
intermediate with angled awns and is the only species with pronounced barbs coated with
silica on the awns and overlaps the distribution range of the other two subspecies.
Taeniatherum caput-medusae ssp. asperum is the subspecies introduced into western
North America (Young, 1992).
The introduction of medusahead is believed to have occurred as a seed
contaminant with the first plant specimens collected in the U.S. near Roseburg, OR in
1887 (Howell, 1903). Medusahead specimens were collected in Steptoe Butte in eastern
Washington in 1901 (Piper and Beattie, 1914) and in Los Gatos, CA in 1908 (Jepson,
1923). The first plant collections in Idaho occurred near Payette in 1944 (McKell et al.,
1962). Medusahead was discovered in the Great Basin at Verdi, NV in the early 1960s
(Young, 1992). It was discovered in Box Elder County, UT in 1988, about four miles
south of Tremonton in areas used for early spring sheep grazing (Horton, 1991).
Medusahead was collected, the following year, in the foothills south and west of Avon in
southern Cache County, Utah (Horton, 1991). It now covers large areas throughout
northern and central California and has moved across mountain plateaus into Nevada and
Utah. Medusahead has spread across the Cascade Mountains into eastern Oregon and
through the Columbia Plateau in eastern Washington (Young and Evans, 1970). The
infestation in Idaho went from 30 000 acres in 1952 to an estimated 150 000 acres in
1955 and to 700 000 acres in 1959 (Young, 1992). More recent estimates have
medusahead infesting 2.4 million acres in 17 western states (Duncan and Clark, 2005)
and spreading at an average rate of 12% each year (Duncan et al., 2004).
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Medusahead has been reported best adapted to heavy clay soils (Young and
Evans, 1970; Dahl and Tisdale, 1975). Medusahead matures 2 to 3 weeks later than
downy brome and other annual grasses and requires water for a longer period of time and
thus requires soils with high water holding capacity (Dahl and Tisdale, 1975). At higher
elevations and higher precipitation levels, medusahead has been found on wet meadows
with clay loam or loam soils (Young and Evans, 1970).
Medusahead is highly invasive and competitive with other plant species.
Rangelands that have been overgrazed or are in poor condition are highly susceptible to
medusahead invasion. Disturbed sites, such as along roadways, and recently burned sites
are also susceptible to invasion. Medusahead invades sites that have weakened perennial
grass stands but can also move into areas with well-established perennial grass stands and
be ready to overtake the area as soon as a disturbance such as burning, overgrazing, or
cultivation occurs. Davies and Svejcar (2008) showed that Wyoming big sagebrush
steppe rangeland invaded by medusahead decreased species richness and plant diversity
compared to non-invaded sagebrush steppe. Medusahead displaces perennial grasses
within sagebrush steppe by competing for resources and an increase in fire frequency
from medusahead invasion destroys the shrub portion of the plant community (Young,
1992). The medusahead invaded sagebrush steppe also leads to degraded habitat for
sagebrush-obligate wildlife species, like sage-grouse. Medusahead alters the food supply
of caryopses-eating birds (Savage et al., 1969). Chukar partridges can utilize downy
brome seeds as a forage source but if the birds consume medusahead seeds, digestibility
is low and they begin to lose weight and become weak (Savage et al., 1969). Medusahead
invasion into sagebrush steppe is reducing herbaceous cover and replacing native
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perennial forbs and annual forbs that are used by sage-grouse and other wildlife species
as forage sources and thus, having a negative effect on sage-grouse, other sagebrush
obligates, and sagebrush facultative wildlife species (Davies and Svejcar, 2008).
The long sharp awns on medusahead decrease its palatability to livestock. The
high silica content of medusahead makes it less desirable as a grazing forage to livestock
and can reduce grazing capacity on rangelands. Hironoka (1961) estimated a 50% to 80%
reduction in grazing capacity with Davies and Svejcar (2008) suggesting that
medusahead can reduce livestock forage by 90%.
Medusahead invasion alters ecosystem-level processes by increasing fire
frequency and reducing fire return intervals (D’Antonio and Vitousek, 1992).
Medusahead is a winter annual, which allows it to mature prior to the summer fire
season. Its biomass is high in silica and slow to decompose which forms a thick thatch
layer increasing the fine fuel load. It is highly flammable which results in fast burning
fires. The fast burning nature of annual grass fires generally prevents fires from reaching
temperatures high enough to kill medusahead seed (Sweet et al., 2008). The increase of
fire frequency results in an increase in mortality of bunchgrasses and other desirable
vegetation and increases the amount of disturbed land that is favored for increased
medusahead production (Young et al., 1972).
The long awns of medusahead consist of tiny barbs which allow it to attach to
livestock, wildlife, humans, and vehicles to facilitate seed dispersal at greater distances
(Monaco et al., 2005). Medusahead has a relatively long seed dispersal period lasting
from July to October (Davies, 2008). Controlling the movement of livestock in and out of
infested areas during this period can help reduce the distribution of seeds. When livestock
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leave a medusahead-infested grazing site they should be quarantined in a holding period
for a short period of time to help reduce the spread of medusahead to new areas.
However, with sheep a short period of time may not matter because seeds can remain in
thick wool for long periods. Davies et al. (2013) reported animals may be an important
transport vector of medusahead and that medusahead infestations have a high occurrence
along trails. Grazing animals should be watched when grazing medusahead because the
long barbed awns can cause mechanical injury to the eyes, nose, and mouths of grazing
animals.

METHODS FOR MEDUSAHEAD CONTROL
The management of medusahead occurs best with a combination of methods:
burning, tillage, herbicides, and reseeding with perennial plant species (Monaco et al.,
2005). Burning is used to remove the thick accumulation of litter, which opens up a seed
bed and also helps to improve herbicide contact with the soil. Mechanical methods such
as tillage or disking may be used to prepare the seed bed when burning is not an option.
Mechanical methods used in late fall after seeds have germinated can help reduce
medusahead. Spring tillage can also be effective at control if completed before
medusahead sets seed. A problem with tillage may be accessibility of tractors and tillage
equipment to certain locations where medusahead infestation occurs.
Temporary control of medusahead can also occur with herbicides. Imazapic
applications have been used as a short-term control and when imazapic is used in
combination with burning its effectiveness is increased (Kyser et al., 2007, Monaco et al.,
2005). Imazapic applied at 140 g ai (active ingredient) ha-1 provided better medusahead
control than at lower rates of 70 g ai ha-1 (Monaco et al., 2005). Glyphosate has been
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used, at low rates, in big sagebrush scrub ecosystems to reduce medusahead cover
without affecting sagebrush (Kyser et al., 2012). Effectiveness of glyphosate (Kyser et
al., 2008) and imazapic (Kyser et al., 2007) has been reduced due to the interference of
the herbicide from the thick thatch layer.
Revegetation of medusahead infested communities is expensive and often
unsuccessful because medusahead reinvades before perennial plants have time to
establish (Young, 1992). Variable climatic conditions in the arid states were medusahead
is invading makes it difficult for new plantings to establish. Revegetation of medusaheadinfested rangelands with multiple strategies can be expensive and difficult. Multiple trips
to a site to apply a combination of treatments is not a viable option for large-scale
rehabilitation. Preventing medusahead invasion is a better option than trying to control it
after establishment. Maintaining a healthy population of perennial bunchgrasses will help
prevent medusahead invasion into an ecosystem (Dahl and Tisdale, 1975; Davies, 2008).
Healthy perennial bunchgrasses limit available resources for medusahead and limit its
ability to establish and compete. Davies and Sheley (2011) were able to increase the
native perennial bunchgrass population that was present, with a combination of fall
burning followed with a fall application of imazapic herbicide in a medusahead invaded
community. Maintaining healthy perennial grasses within the plant community plays a
significant role in competing with medusahead. Sheley and James (2010) showed that
removal of perennial grasses led to the highest increase of medusahead plants within the
community.
There are currently no biological control agents developed to control medusahead.
A soilborne fungus, Fusarium arthrosporioides, isolated from the collar of medusahead
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in Greece was tested as a possible biological control agent but its consideration for
further studies was stopped because of its ability to harm barley and wheat (Siegwart et
al., 2003).
Grazing animals typically avoid grazing medusahead but research has shown that
animals will consume it. Lusk et al. (1961) reported that sheep will eat medusahead at
vegetative stages prior to formation of seedheads, but avoid it once it produces seed and
the awns are present. DiTomaso et al. (2008) found that spring grazing, by sheep, reduced
medusahead cover compared to ungrazed pastures but that fall grazing did not reduce
medusahead cover. However, the second year after initial grazing, the spring grazing
treatments did not differ from the ungrazed treatment.
Confining large numbers of animals to small land areas can force the utilization of
medusahead, however other forages are consumed first during this time and the animals
are eventually forced to graze the remaining medusahead. During these grazing bouts
desirable forage may be repeatedly grazed causing irreparable damage to native and
desirable plant species.
The invasion of medusahead is changing the vegetation structure of western
rangelands. It is reducing biodiversity, available forage for livestock and wildlife, and it
is increasing wildfire frequency. It is a large problem because effective management of
medusahead is a difficult process. Removing medusahead from the landscape for a long
enough period to establish competing grass species is expensive and difficult and results
have been variable. Reducing the spread of medusahead should be a primary focus and
management options should entail prevention, control, and revegetation strategies.
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Promoting healthy rangelands with perennial bunchgrass populations is critical in aiding
the prevention of medusahead infestations (Davies, 2008).

BEYOND INVASIVE ANNUALS: UNDESIRABLE FORBS AND POISONOUS
PLANTS
The remaining Palouse prairie and shrub-steppe in the Columbia Plateau consists
of remnants of perennial grasses, Artemisia species, and annual grass species (Sims and
Risser, 2000). Since 1900, 94% of the grasslands and 97% of the wetlands in the Palouse
bioregion have been converted to crop, hay, or pasture lands (Black et al., 1998). The
altered ecosystem has led to an increase in annual grasses and also invasive and annual
forbs such as rush skeletonweed (Chondrilla juncea L.), fiddleneck (Amsinckia
intermedia Fish. & C.A. Mey), knapweeds, tansy mustard (Descurainia pinnata [Walter]
Britt.) prickly lettuce (Lactuca serriola L.), black mustard (Brassica nigra [L.] W.D.J.
Koch), western salsify (Tragopogon dubius Scop.), and hairy vetch (Vicia villosa Roth).
Poisonous species such as Lupinus are also present and become a forage source for
grazing livestock. Lupines are legumes and are highly nutritious, have 16 % crude protein
(CP) content in the plant and over 40 % CP in the seeds (Panter et al., 2001).
Lupinus leucophyllus is widely distributed in eastern Washington and typically
occurs on more mesic soils (Gay et al., 2007a; Weaver, 1915). Lupine growth starts in
April and begins to bloom in June (Weaver, 1915). Lupines increase in abundance when
competition from the native bunchgrasses F. idahoensis and P. spicata are reduced from
overgrazing (Young, 1943). Ralphs et al. (2006) showed that as availability of other
forages decreases, grazing livestock will start to consume lupine which stays green and
succulent longer into the year.
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Several species of lupine are toxic to livestock; cause death losses and produce
teratogenic alkaloids that cause contracture-type skeletal birth defects in calves when
consumed by pregnant cows during d 40 to 100 of gestation resulting in crooked calf
syndrome (CCS; Panter et al., 1997). Crooked calf syndrome occurs when new born
calves are affected by skeletal malformations of the spine, neck, one or more forelimbs,
or cleft palate. Malformations that can be observed from calves affected with crooked
calf syndrome include arthrogryposis, scoliosis, kyphosis, torticollis, and cleft palate
(Keeler et al., 1977; Shupe et al., 1967). Typically, the cow must consume lupine over a
period of five or more days depending on how much lupine is ingested and the alkaloid
content of the lupine (Panter et al., 2013). As the alkaloid concentration increases in the
cow, fetal movement in utero is depressed. The amount of alkaloid consumed determines
how severe and how long the sedating effect is on the fetus. The fetus has limited
movement during this period however it still continues to grow. The outcome is a
deformity in the growth of the calf. The severity of the deformity depends on the stage of
development the fetus is in during the period of limited movement and for how long the
movement is limited.
Lupine species identified to contain quinolizidine and piperidine alkaloids can be
teratogenic to livestock (Keeler, 1976; Panter et al., 1998). Anagyrine is a quinolizidine
alkaloid and a known teratogen that causes birth defects (Keeler, 1976). Ammodendrine
is a piperidine alkaloid and is also teratogenic (Panter et al., 1990). Three lupine species
have been studied in the Scablands of eastern Washington (Panter et al., 2009). Lupinus
leucophyllus contains the teratogenic alkaloid anagyrine. Lupinus sulphureus contains the
teratogenic compound ammondendrine, but L. sulphureus is limited in its distribution in
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the Scablands and does not pose a significant risk. Lupinus sericeus does not contain
anagyrine and thus does not pose a risk for crooked calf syndrome. Lupinus leucophyllus
is the species determined to cause crooked calf syndrome in the region (Lee et al., 2007).
Crooked calf syndrome occurs at a relatively low incidence of 1 to 5 % of calves
born every year with occasional occurrence of high outbreaks in the Channeled Scablands
(Gay et al., 2007b). Ranches in Adams County, WA experienced crooked calf syndrome
incidence as high as 25 % of calves born inflicted with deformities in the years 1980 to
1985, and 1991 and in 1997 calf losses as high as 100 % (Lee et al., 2008). Years with
exceptionally high incidence of crooked calf syndrome are associated with two preceding
years of higher than normal precipitation (Gay et al., 2007a). Ralphs et al. (2011) showed
that velvet lupine populations cycle with seasonal precipitation patterns. Velvet lupine
populations increase following wet years and the plant population dies back after dry
years. Above average precipitation levels led to a catastrophic outbreak of crooked calf
syndrome in 1997. Virtually all ranches in the Cow Creek drainage of Adams County,
WA with L. leucophyllus present on the ranch experienced calves born with skeletal
defects. The outbreak resulted in 3 000 to 4 000 calves born with skeletal deformities
(Lee et al., 2008).

INVASIVE ANNUALS, UNDESIRABLE FORBS AND POISONOUS PLANTS:
MULTIPLE PROBLEMS REQUIRING MORE THAN ONE SOLUTION?
Grazing represents a sustainable, efficient, and low-cost alternative for
medusahead control. However, this weed is very unpalatable and efforts to enhance its
acceptance by livestock have not been promising (Doran, 2008; Davy et al., 2009).
Nevertheless, grazing approaches have not taken into consideration new paradigms on
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foraging behavior such as the importance of positive experiences with the biochemical
context (provided by the plant community or supplements) on preference for target feeds
like medusahead. Preference for a particular feed depends not only on its intrinsic (e.g.,
nutritional, toxicological) properties, but also on the nutritional context of food ingestion.
An instance of this type of phenomenon has been called the induction effect, which
consists of an increased intake of an unpalatable food when it is associated with the
ingestion of a high-quality food in a sequence familiar to the animal (Catanese et al.,
2015). Thus, it is possible that supplements (e.g., high in nitrogen) which complement the
nutritional profile of the grazable plant community (e.g., high in fiber and low in
nitrogen) will entice livestock to eat medusahead. In addition, supplements high in
nitrogen may antagonize intake of poisonous plants like lupine since this forb is high in
nitrogen and thus provides a nutrient profile which is redundant to the animal after
nitrogen supplementation.
Finally, reintroduction of desirable plant species into a plant community invaded
by annuals is a practice used to restore biodiversity and health of rangelands (Monsen and
McArthur, 1995; Seastedt et al., 2008). Replacing annual grasses with improved
perennial grasses and forbs has the potential to increase forage biomass and quality, and
increase livestock and wildlife carrying capacity, collectively enhancing the economic
sustainability of the treated area. Grazing and re-seeding are not mutually exclusive
practices; on the contrary, they can be complementary.
The overarching goal of this Dissertation was to explore grazing and
reintroduction of perennial forages as two potential management alternatives to out-
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compete invasive annual grasses and eventually restore rangelands on the harsh Scabland
landscape of eastern Washington State.
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CHAPTER 3
EFFECT OF PROTEIN SUPPLEMENTATION ON CONSUMPTION OF
MEDUSAHEAD IN ANNUAL GRASS-DOMINATED RANGELANDS
IN THE CHANNELED SCABLANDS OF EASTERN WASHINGTON

ABSTRACT

Medusahead (Taeniatherum caput-medusae [L.] Nevski) has become a major
component replacing vegetation on the Channeled Scablands of eastern Washington.
Livestock typically avoid grazing medusahead and forage alternatives are becoming
limited in the region. We hypothesized that CP supplementation would provide a
nutritional context that complements the nutritional composition of medusahead. Thus,
we predicted that CP supplementation would allow cattle to increase use of medusahead
over non-supplemented control animals. Cattle grazed medusahead-infested rangeland for
10 d periods during June, July, and August over two consecutive years. Eight separate
pastures were grazed, by cattle pairs, during each of the three grazing periods. Cattle in
four control pastures received no supplement and four pastures received a supplement of
canola meal that supplied 75 % of the daily recommended CP requirement. Bite counts
were used to determine diet composition. Forage categories consisted of annual grasses,
perennial grasses, and forbs. Bites taken of annual grasses were similar between
treatment groups during the first 5 d of the grazing period (P > 0.05) and then cattle
supplemented with canola meal increased consumption of annual grasses during d 6 to 10
of the grazing periods over non-supplemented animals (P < 0.05). Consumption of annual
grasses was greater during the second year of the grazing study (P < 0.05) likely due to a

37
decline in abundance of forage alternatives in the plant community. The percentage of
medusahead in the annual grass forage class tended to decrease in pastures grazed by
treatment groups over years (P = 0.056). The percentage of medusahead in the annual
grasses was similar across the study in non-grazed pastures (P > 0.05). However, the
percentage of medusahead in the annual grasses decreased in the supplemented and nonsupplemented grazed pastures for the same years, 87 ± 4.2 %, 64 ± 3.6 %, and 50 ± 3.6
%, respectively. Forb availability was greatest the first year of grazing and declined the
second year of grazing and continued to decline the following year with no grazing (P <
0.05). Perennial grass availability was low throughout the study. The effects of grazing
on medusahead abundance suggest cattle may be utilized to graze this weed after it has
matured in an integrated management program with other forms of control to reduce
infestation prior to seeding with desirable forage species.

INTRODUCTION

Annual grass invasion is associated with decreases in native vegetation and plant
diversity (Knapp, 1996; Davies and Svejcar, 2008; Young, 1991, 1992). The annual
grasses downy brome (Bromus tectorum L.) and medusahead (Taeniatherum caputmedusae [L.] Nevski) are replacing the native forage on the Channeled Scablands of
eastern Washington (Pfister et al., 2014; Ralphs et al., 2011). Downy brome is palatable
in the early growth stages prior to maturity and can be used as forage for livestock
(Murray et al., 1978). Heavy repeated utilization of downy brome at this stage reduces
seed production and eventually downy brome abundance (Daubenmire, 1940; Mosley et
al., 1999). As downy brome abundance is decreased from heavy utilization, the
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aggressive medusahead replaces downy brome as the dominant annual grass (Torell et al.,
1961; Young and Evans, 1970). Medusahead represents a superior competitor and is
dominating multiple sites in the shrub-steppe habitat of eastern Washington (Franklin and
Dyrness, 1973). Medusahead is reported to be grazed by livestock at its early stages of
development but it becomes less palatable with increasing phenological stage (Bovey et
al., 1961; Lusk et al., 1961).
High protein feeds can be used to alter food choices by livestock (Perez et al.,
1996; Villalba and Provenza, 1999). Odadi et al. (2013) reported a decreased
consumption of forbs, by cattle when supplemented with protein on the African savanna
during the dry season. During the study, cattle also increased consumption of a grass
species that was typically avoided. In diverse ecosystems, animals have more plant
species available for selection than on annual grass dominated landscapes, where choices
become limited. On the Channeled Scablands, where annual grasses are becoming
dominant, cattle consume available forbs in preference to matured and dried annual
grasses (Ralphs et al., 2006). The provision of a protein-rich supplement may help
increase consumption of medusahead and other annual grasses by cattle as more nitrogen
becomes available in the rumen to meet the animals’ requirements and thus help increase
digestion of forages high in fiber and low in CP (Van Soest, 1994).
The objective of this study was to provide a protein supplement and modify the
foraging preferences of cattle exposed to medusahead on the Channeled Scablands. Our
hypothesis was that providing a supplement high in CP would provide a nutritional
context that complements the nutritional composition of medusahead. Thus, we predicted
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that CP supplementation would aid cattle in utilizing more medusahead than nonsupplemented control animals.

MATERIALS AND METHODS

All animal procedures were approved by the Utah State University Institutional
Animal Care and Use Committee (#2117) and were conducted under veterinary
supervision.

Study Site
The study was located in the Channeled Scabland region of eastern Washington
about 36 km south of Ritzville, WA (46°48.23’N, 118° 16.98’W; 434 m). The original
plant community was once classified as a sagebrush steppe (West and Young, 2000;
Daubenmire, 1970) but is now dominated by annual grasses such as medusahead and
downy brome, and by weedy forbs such as fiddleneck (Amsinckia intermedia Fish. &
Mey), tansy mustard (Descurainia pinnata [Walt.] Britt.), rush skeletonweed (Chondrilla
juncea L.), black mustard (Brassica nigra [L.] Koch in Rochl), redstem filaree (Erodium
cicutarium [L.] L’Hér.), prickly lettuce (Lactuca serriola L.) and western salsify
(Tragopogon dubius Scop.) (Ralphs et al., 2011). Remnants of bluebunch wheatgrass
(Pseudoroegneria spicata [Pursh] Á. Löve) were present in the pastures but were scarce.
The perennial grasses Sandberg bluegrass (Poa secunda J. Presl) and bulbous bluegrass
(Poa bulbosa L.) were present but were classified in the annual grass category of
vegetation classes for this study due to their early maturing and senescing at about the
same time as the other annual grasses. The 50-yr mean annual precipitation is 203 mm
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with 60 % of the precipitation occurring from September through February (Fig. 3.1;
NOAA, 2014).

Experimental Design
Three, 10-d grazing periods were conducted in June, July, and August during
2012 and 2013. At the start of the June grazing period, medusahead was green and in the
seed stage with awns elongated. Before the 10-d grazing period was over, most of the
medusahead was reaching maturity and changed from green to a reddish-purple color.
Forbs were in early vegetative growth at this time. During the July grazing period,
medusahead was mature with the seeds still attached and the awns were long and stiff.
Forbs were in the flowering stage. During the August grazing period, medusahead was
mature and senesced. Some seeds were starting to disarticulate but most still remained on
the plant. The awns were drier than and not as stiff as earlier in the season. Forbs had
matured and senesced.
Eight separate pastures were established for each of the three grazing periods, for
a total of 24 pastures (0.24 ± 0.004 ha). The same pastures were used the second year of
the study with the same treatment assignments as in the first year. One pair of animals;
one Hereford steer (343 ± 6.8 kg starting weight) and one Hereford × Angus heifer (378
± 6.8 kg) grazed in each pasture for a total of 16 animals in the eight pastures in each
period of the first year, such that each pair successively grazed three different pastures
each year representing blocked treatment pastures. Treatments consisted of half of the
animal pairs receiving a protein supplement and the other pairs did not receive any
supplement. Supplement was canola meal that consisted of 39.0 % CP, 42.7% NDF, and
80.2 % IVTD in 2012 and 41.8 % CP, 41.3 % NDF, and 81.5 % IVTD in 2013 and was
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fed at a rate that supplied 75 % of the daily recommended protein requirement (NRC,
1996). The same steers (525 ± 6.8 kg) and different Hereford × Angus heifers (312 ± 6.8
kg) were used the second year of the study.

Bite Counts
Animals were acclimated to the presence of an observer for a 10-d period prior to
starting the study and animals allowed close observation (1-2 m) without disturbing
grazing. Daily bite counts were used to determine diet composition (Ortega et al., 1995)
throughout each grazing period. Beginning at 0530 h each day, the protein supplement
was fed. After the supplement had been consumed, each pair of animals was turned out
into its respective pasture to graze. Individual animals were focally sampled (Altmann,
1974) for a 5 min. period to record bites by forage category (annual grass, perennial
grass, and forbs). The percentage of each forage class in the diet was calculated based on
the total number of bites. Animals were observed during active morning, mid-day, and
evening grazing bouts. Animals were penned in a corral at night after the evening grazing
bout and had ad libitum access to water and a trace mineralized salt block throughout the
study.

Vegetation Assessment
Above ground forage biomass was determined within each pasture at separate
clipping times (prior to the start of grazing and at the end of each 10-d grazing period) by
hand harvesting vegetation within a 0.25 m2 frame at five random locations within each
pasture in 2012 and ten random locations within each pasture in 2013 and 2014. Two
plots, that did not receive any grazing treatment, were established as non-grazed control
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plots and vegetation was harvested prior to the start of each grazing period. Forage
biomass was also clipped in July 2014, a year following grazing, to determine the effects
of 2-yrs of grazing had on biomass production. Forage was separated into annual grass,
perennial grass, and forb vegetation classes to match bite counts. Plant material was dried
in a forced air oven at 60° C to a constant weight. The annual grass samples were
separated into two categories: medusahead and all other annual grasses. Both categories
were weighed and percentage of medusahead in the annual grass clipped sample was
determined. Medusahead was then combined back with the annual grasses for further
laboratory analysis.
Dried samples were ground in a Wiley mill to pass through a 1-mm screen.
Ground plant samples were scanned with a Model 6500 near-infrared reflectance
spectrometer (NIRS; Pacific Scientific Instruments, Silver Spring, MD) to estimate CP,
NDF, and in vitro true digestibility (IVTD). Representative samples were selected from
each grazing period and used as a validation data set by wet chemical analysis. The
validation data set consisted of 141, 129, and 109 samples for CP, NDF, and IVTD,
respectively, which were not part of the NIRS equation. Samples used for validation were
analyzed for nitrogen (N) content with the combustion method (AOAC, 1996) using a
Leco CHN-2000 Series Elemental Analyzer (Leco Corp., St. Joseph, MO). Levels of CP
were determined by multiplying N content by 6.25. A two-stage method was used to
determine IVTD with the first stage consisting of a 48 h in vitro fermentation in an
ANKOM Daisy II incubator (ANKOM Technology Corp.). Analysis of NDF and the
second stage of the IVTD procedure were made using procedures modified for use in an
ANKOM-200 Fiber Analyzer (ANKOM Technology Corp., Fairport, NY). The R2 value
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for validation of CP was 0.95 (standard error of prediction [SEP] = 0.57). Corresponding
R2 values were 0.95 (SEP = 1.99) for NDF and 0.79 (SEP = 3.24) for IVTD.

Statistical Analysis
The effects of treatment and forage class by months and years on forage quality
(CP, NDF, IVTD) were assessed using an analysis of variance of a 4-way factorial in a
split-plot design with repeated measures. The effects of treatment, forage class, and
clipping time (start or end of grazing) by months and years on biomass production were
assessed using an analysis of variance of a 5-way factorial. The effects of treatment by
months and years on percentage of medusahead in annual grass forage class and lupine
frequency were assessed using an analysis of variance of a 3-way factorial. The effect of
treatment by days, months, and years on bites taken on forages and bite rate (in bites –min)
were assessed using an analysis of variance of a 4-way factorial. The number of bites of
each forage class (annual grass, perennial grass, and forbs) was calculated as a percentage
of the diet and percent bites were arcsine square root transformed to meet the assumption
of normality and homogeneity of variance. Percentage of bites for each forage class was
analyzed separately. Crude protein was log transformed, biomass production was square
root transformed, and percent of medusahead in the annual grass forage class was arcsine
square root transformed to meet assumptions of normality and homogeneity of variance.
Forage quality and biomass production means were computed over frames within a
pasture and bite value means were averaged over animal pairs within a pasture and the
means were used as data in the analysis. Pasture set, pastures, animal pairs, clippingsample, and daily-observations are random effects factors in the models. Treatment,
month, year, forage class, clipping time, and day are fixed effects factors in the models.
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Pasture set is defined as the three pastures grazed by the same animal pair and a pasture
set spans both years. Pasture set is the experimental unit for treatment. Three pastures are
nested within each pasture set. A pasture is the experimental unit for month. Two animal
pairs are nested within each pasture set. An animal pair is the experimental unit for year.
Three forage components are nested within each combination of pasture and animal pair.
A forage component is the experimental unit for forage class. Two clip-observations are
nested within each pasture. A clipping-sample is the experimental unit for clipping time.
Daily-observations of bite counts are nested within each pasture and animal pair. Dailyobservations are the experimental units for day. First-order autoregressive covariance
structure for repeated measures was used in analysis of percent bites and compound
symmetry was used for repeated measures factors in all other analysis. Pairwise mean
comparisons were estimated as needed, and adjusted for Type I error inflation using the
Tukey method. Data analysis was made using the GLIMMIX procedure in the
SAS/STAT 9.3 (SAS Inst. Inc., Cary, NC). Results are reported as nontransformed
Means and standard errors.
RESULTS

Forage Biomass
Biomass availability in the grazed pastures displayed a forage class by year by
month by clipping time interaction (P < 0.0001). Biomass production of annual grasses
was greatest during the June grazing periods (Table 3.1). Annual grass production
increased in July and August during the second year of the study. Forb biomass was
similar at the start of the grazing periods during June of both years of the study (P < 0.05;
Table 3.1). Forb biomass was greater at the start of the July and August grazing periods,
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in year 1, than the start of the June grazing period and was lower at the start of the July
and August grazing periods during year 2 (P < 0.05; Table 3.1). Forage biomass of
annual grasses and forbs declined over the 10 d grazing periods (P < 0.05; Table 3.1).
There were few perennial grasses available at the beginning of the grazing periods and
the few plants that were present were heavily grazed resulting in very low residual after
10-d of grazing.
When comparing forage production during the two years of grazing and a year
after grazing, a forage class by year interaction was detected (P = 0.011; Fig. 3.2) with
annual grass production being the greatest among the available forage classes. Annual
grass production was similar the two years of grazing and it decreased the year following
grazing (P < 0.05). Forb production was the greatest during the first year of the study and
decreased each subsequent year (P < 0.05). Perennial grass production was similar for the
two years of the grazing study and it decreased (P < 0.05) after two years of grazing.
There was a tendency for a treatment by year interaction for the percentage of
medusahead measured in the annual grass forage class (P = 0.056; Fig. 3.3). The
percentage of medusahead in the annual grass forage class was similar in the non-grazed
pastures across the three years of clipping data collected; 91 ± 7.2 %, 84 ± 6.6 %, and 87
± 6.6 %, respectively. The percentage of medusahead in the annual grass forage class
decreased each year in the grazed pastures supplemented with canola meal; 87 ± 4.2 %,
64 ± 3.6 %, and 50 ± 3.6 %, respectively. The decrease was similar in the grazed pastures
that did not receive the supplement.
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Forage Quality
There was a forage class by month by year interaction for CP content (P <
0.0001). Crude protein concentration was greater in forbs than grasses. Crude protein
content in the annual grasses was the greatest in June both years of grazing. Medusahead
was still green and had not matured at this time. Subsequently, CP content of the annual
grasses declined over the season as plants matured. Concentration of CP content in the
perennial grasses was low across all grazing periods (Table 3.2).
There was a forage class by month interaction (P = 0.017; Table 3.2) for NDF
content in the forages and was lowest in the annual grass forage class during June and the
concentration increased as plants matured later in the season during July and August.
Concentration of NDF was lower in forbs than the grasses. Perennial grasses displayed
similar NDF concentrations across all grazing periods.
Concentration of NDF also displayed a forage by year interaction (P = 0.03; Table
3.2) with similar values for annual grasses across 2012 and 2013. Forbs had the lowest
NDF content among forage classes and were lower in 2012 than 2013. Concentration of
NDF was lower in the perennial grasses during 2012 and increased in 2013.
Concentration of IVTD displayed a forage class by month interaction (P = 0.0003;
Table 3.2). Digestibility of annual grasses, forbs, and perennial grasses was greatest in
June and IVTD content decreased as plants matured later in the season. There was also a
forage by year interaction (P = 0.024) for IVTD content. Digestibility was greatest in the
forb forage class and was similar in 2012 and 2013. Digestibility of annual grasses was
lower in 2012 than 2013. Digestibility was lowest in the perennial grass forage class and
was similar between years.
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Bite Counts
Annual grass utilization by cattle displayed a treatment by day interaction (P =
0.018). Bites taken of annual grasses started at 10 ± 2.0 % of the total number of bites
recorded daily and steadily increased over the 10-d grazing periods. Bites taken were
similar between treatment groups the first 5-d of the grazing periods but on d 6 the
protein supplemented cows consumed more bites on annual grasses than the nonsupplemented group (P < 0.05); this pattern remained consistent throughout the
remaining 10-d grazing periods (Fig. 3.4).
Forb utilization by cattle also displayed a treatment by day interaction (P =
0.034). Forb consumption started as high as 87 ± 2.1 % of the total number of bites
recorded daily and consumption of forbs declined steadily across days. The nonsupplemented group of cattle took more bites of forbs from d 7 through the end of the
grazing period (P < 0.05; Fig. 3.4).
There was a year by month by day interaction for bites taken on annual grasses (P
< 0.0001; Fig. 3.5). During June of 2012 cattle started with 15 ± 3.4 % of the total
number of bites on annual grasses, then consumption dropped to 2 ± 3.4 % on d 4 and
stayed low for the remainder of the grazing period. Likewise, cattle avoided the annual
grasses at the beginning of the July and August grazing periods, but the percentage of
bites taken increased throughout both of these grazing periods with values reaching 21 ±
3.4 % (July) and 77 ± 3.4 % (August) of the diet by d 10. Bites of annual grasses taken
during the second year of the grazing study were greater than in 2012 for each grazing
period. Percentage of bites taken of annual grasses in June started at 33 ± 3.4 % and
peaked at 59 ± 3.4 % later in the grazing period. Percentage of annual grass bites started
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at 3 ± 3.4 % and 16 ± 3.4 % during July and August and they peaked at 90 ± 3.4 % and
95 ± 3.4 %, respectively, by the end of the grazing periods.
There was a year by month by day interaction for the percentage of bites taken on
forbs (P < 0.0001; Fig. 3.6). Percentage of bites taken on forbs was greater in 2012 for all
three grazing periods than in 2013. There was high utilization of forbs during June of
2012. Cattle started the grazing period at 73 ± 3.7 % and increased above 80 % on d 2
and then to 98 ± 3.7 % on d 4. Cattle ended the period consuming 88 ± 3.7 % of their diet
with forbs. During July of 2012, cattle started at 99 ± 3.7 % of their diet on forbs and
decreased to 78 ± 3.7 % at the end of the grazing period. During the August of 2012
grazing period, consumption of forbs started high (99 ± 3.7 %) but decreased to 23 ± 3.7
% by the end of the grazing period. During June of 2013, cattle consumed over 60 ± 3.7
% of their bites on forbs at the beginning of the grazing period, and then consumption
dropped to 40 % towards the end of the grazing period. Percentages of bites taken of
forbs were high at the beginning of the July (94 ± 3.7 %) and August (84 ± 3.7 %)
grazing periods in 2013, but consumption dropped to 10 ± 3.7 % and 5 ± 3.7 % of the
diet, respectively.
A year by month by day interaction was detected for the percentage of bites taken
on perennial grasses (P = 0.002; Fig. 3.7). Perennial grass consumption was low
throughout the study due to the low availability of perennial grasses at the study site.
During June of 2012, cattle started the grazing period consuming 12 ± 1.5 % of the diet
with perennial grasses and decreased to less than 1 ± 1.5 % by the end of the grazing
period. During the July 2012 grazing period, cattle peaked their diet at 7 ± 1.5 % of
perennial grasses and decreased to 1 ± 1.5 % during the last few days of the grazing
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period. Cattle consumed less than 2 ± 1.5 % of their diet on perennial grass during the
August 2012 grazing period. During 2013, perennial grasses were consumed in the first
few days of the June and July grazing periods. Consumption of perennial grasses in
August was less than 1 ± 1.5 % of the bites taken.
There was a year by month by day interaction for bite rates (P < 0.0001). Bite
rates were lowest at the start of the grazing study starting at 13 ± 1.3 bites – min and
increasing to 23 ± 1.3 bites- min by the end of the first grazing period. Bite rate increased
in July and August of the first year. Bite rate ranged from 28 ± 2.2 bites- min to 36 ± 2.2
bites- min in July and 24 ± 3.2 bites- min to 29 ± 3.2 bites- min in August. Bite rates were
lower in June than for July and August of the second year. Bite rates ranged from 16 ±
1.3 bites- min to 24 ± 1.3 bites- min across days in June. Bite rates increased in July and
ranged from 28 ± 2.2 bites- min to 41 ± 2.2 bites- min. Bites ranged from 18 ± 3.3 bites- min
to 34 ± 3.3 bites- min in August.

DISCUSSION

Medusahead and Grazing Preferences
Past mismanagement and frequent wildfires have resulted in loss of plant
biodiversity and major degradation of native plant vegetation on the Channeled
Scablands of eastern Washington (Noss et al., 1995). Native vegetation has been
converted to annual grasses and medusahead is dominating this region to the point of
outcompeting downy brome. This is demonstrated with medusahead as the primary
vegetation component at the study site and representing over 88 % of the annual grasses
at the beginning of the study.
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Livestock have been reported to consume medusahead early in the season prior to
the emergence of seedheads (Lusk et al., 1961; DiTomaso et al., 2008). Medusahead
during this study was in a later stage of phenological development with seedheads
already developed by the June grazing period. Cattle in this study avoided medusahead
even when the plant was still green, likely due to the elongated awns and the low
digestibility and fermentation rates of the plant in the rumen (Montes-Sanchez and
Villalba, unpublished results). During June, cattle searched for forbs and the few
perennial grasses available resulting in a low number of bites recorded for medusahead.
Later in the season (e.g., July, August) cattle increased their consumption of medusahead
after the weed matured and senesced. During these later grazing periods the awns were
long but had lost rigidity and this could have led to a greater acceptance of medusahead
given that physical defenses like awns and spines reduce intake rate in herbivores
(DiTomaso et al., 2008). However, the increase in medusahead use also coincided with a
decline in forb and perennial grass availability and nutritional quality as these forages
were senescing and becoming less palatable as the season progressed. Preference for a
target plant does not depend solely on its nutritional and physical characteristics but also
on the quality and abundance of other plants in the community (Villalba et al., 2015).
Cattle preferred forbs when they were growing because they were of greater nutritional
quality and herbivores prefer forages that offer greater nutrient rewards (Provenza, 1995),
bite weights, and instantaneous intake rates (Distel et al., 1995).
Supplementing grazing cattle with a protein concentrate (canola meal) led to an
increase in the consumption of medusahead at the later part of the grazing period.
Consistent with this finding, intake of forage typically increases when supplements
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containing protein from oil meal products are fed to cattle (McCollum and Galyean,
1985; Sanson et al., 1990; DelCurto et al., 2000), However, in a recent study, sheep
supplemented with protein did not increase intake of medusahead relative to nonsupplemented animals (Hamilton et al., 2015) suggesting that protein supplementation on
medusahead use may be influenced by animal species, likely due to differences in body
size (Demment and Van Soest, 1985).
Non-supplemented cattle took more bites on forbs than supplemented animals,
and this pattern could be explained by the fact that protein supplementation reduced the
need for selection of forbs, a forage source with greater CP content than medusahead and
other annual grasses. Cattle are able to balance the ratio of energy to protein in their diet
(Atwood et al., 2001) as they typically select a diet that meets nutrient requirements
(Weir and Torrel, 1959; Coleman and Barth, 1973) while avoiding an excessive supply of
rumen degradable protein from their diet (Tolkamp et al., 1998). Foraging cattle (Odadi
et al., 2013) have been reported to trade off protein-rich forbs for protein-poor grasses
when supplemented with protein and the opposite pattern was observed in sheep
supplemented with an energy concentrate (Montes-Sanchez and Villalba, unpublished
results).
Bite rate also increased across the grazing periods for both years of the study.
Herbivores face a trade-off while selecting bites: small bites reduce the rate of food
harvest, and large bites reduce the rate of food digestion because larger bites contain
more fiber (Shipley et al., 1999). Thus, given that cattle are large ungulates adapted to
exploiting high-fiber diets (Hanley, 1982); it is likely that as plants matured across
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periods cattle took more frequent bites in order to harvest more food and compensate for
the decline in food quality within the pastures.
The consumption of medusahead by cattle was greater in all three grazing periods
during the second year of the study. Two factors could have helped account for this
difference. Annual grass availability was greater during July and August of the second
year of the study in comparison to year 1. In addition, forb production decreased over 50
% during the same periods, thus reducing the amount of forbs available for consumption.
The increase in annual grasses and decrease in forbs could have led cattle to increase the
number of bites on annual grasses during year 2. Previous experience with medusahead
could be another factor underlying the increase in the use of annual grasses by the second
year of the study. The same steers were used during both years of the study and
consumption of medusahead increased by August of the first year. This pattern could
have carried over into the second year as livestock that experience low-quality foods
early in their life adapt to such foods and develop a preference which can be expressed
later in life (Distel et al., 1994; Wiedmeier et al., 2002). Livestock become locally
adapted to the landscape where they live (Provenza, 2008) and livestock on the
Channeled Scablands may become adapted to medusahead over time and increase its use
as a forage source. Likewise, cows experienced with browsing sagebrush increase the use
of this shrub across generations (Petersen et al., 2014). In turn, adapted animals may
encourage naive animals to consume medusahead as social facilitation influences diet
selection. Naive cattle have been reported to start or increase consumption of locoweed
(Astragalus mollissimus var. mollissimus Torr and Oxytropis sericea Nutt) when placed
in the presence of cattle that were considered loco-eaters (Ralphs et al., 1994). Social
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facilitation has also led to the consumption of larkspur (Delphinium barbeyi) by cattle
that were previously averted with lithium-chloride when in the presence of cattle that
consumed larkspur (Ralphs and Olsen, 1990). Thus, experienced steers in this study
could have influenced the diet selection of the naive heifers that were used during the
second year of the study.

Grazing and Biomass Production
Grazing during June the first year did not change biomass production of annual
grasses or forbs during June of the second year of the study. However, forb production
was lower during July and August in 2013 following heavy utilization of forbs during
July and August the first year. The production of annual grasses also increased during
these periods the second year of the study. DiTomaso et al. (2008) reported grazing of
medusahead, with sheep, in the “boot” stage before spikes or flower heads were fully
exposed (April/May), reduced medusahead cover the following spring and increased
native forb cover. Native forbs were lacking in this study and forbs consisted primarily of
annual weedy forbs. Heavy utilization in July and August the first year along with below
average precipitation resulted in lower forb production during July and August the second
year.
The percentage of medusahead in the annual grass forage class was similar
between grazed and non-grazed pastures in 2012. The percentage of medusahead
decreased in 2013 in the grazed pastures and decreased again in 2014 following two years
of grazing. The percentage of medusahead in the annual grass forage class remained
similar in the non-grazed pastures across the three years. Precipitation could have played
a role in medusahead production along with grazing. Biomass production of the annual
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grasses increased slightly in 2013 which followed above average precipitation in 2012.
The increased precipitation along with removal of the thatch layer could have led to the
slight increase in annual grasses. George et al. (1989) reported an increase in forb
production as medusahead was removed due to an opening of the site as medusahead and
its thatch was removed. The lower precipitation in 2013 along with grazing could have
led to the decrease in medusahead abundance during 2014. DiTomaso et al. (2008) found
decreased medusahead cover in non-grazed experimental plots across time, a response
attributed to variations in the precipitation regime. Mean annual precipitation reported by
DiTomaso et al. (2008) was 580 mm and for our study was 203 mm. DiTomaso et al.
(2008) also reported that plots that were grazed by sheep in the spring increased in
medusahead cover a year following grazing. Likewise, Harrison et al. (2003) found an
increase in medusahead cover following grazing. However, during that study, grazing
was conducted year-round. The high intensity short duration grazing in our study could
have led to higher utilization of medusahead and to a reduction in medusahead
abundance.

Grazing in an Integrated Management System
Large infestations of annual grasses and in some cases monocultures of
medusahead are becoming prevalent across the Channeled Scablands (Lopez-Ortiz et al.,
2007; Pfister et al., 2014). Revegetation is necessary, in the absence of desired
vegetation, to restore annual grass dominated rangelands and mitigate the impacts
associated with invasion (Davies and Svejcar, 2008; Sheley et al., 2007). Integrated
management strategies to rehabilitate medusahead dominated rangelands are complex
and typically treatment combinations of herbicides, fire, and revegetation provide the best
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control of medusahead (Davies, 2010; Davies and Sheley, 2011; Monaco et al., 2005).
Areas are burned in the fall to remove litter and provide access to the soil surface,
sprayed with herbicides and then seeded (Sheley et al., 2012). Grazing can provide an
alternative during the late summer and fall months to replace fire as an option to provide
access to the soil surface prior to herbicide applications. Grazing medusahead at this time
will not negatively impact seed production but a fall herbicide application can control
medusahead that germinates in the fall. Medusahead has a small window when plants
may be palatable to livestock and susceptible to defoliation to remove growth points and
limit the production of new reproductive tillers (Lusk et al., 1961; Young et al., 1970).
Significantly impacting medusahead on large scale operations can be difficult during
such a short time interval. Utilizing cattle later in the season to remove medusahead and
herbicides to target newly germinated plants may be a more practical option.

IMPLICATIONS

Protein supplementation with canola meal helped increase consumption of
medusahead by cattle. Consumption of medusahead increased as the study progressed
towards July and August and this pattern coincided with increased maturity and
decreased forage quality of forbs. Thus, providing a protein supplement during this time
of the year enhances intake of medusahead and likely increases digestibility of the lowquality grasses which reduces the likelihood of body condition loses. However, utilizing a
protein supplement on large land areas covered with medusahead may not be a viable
option due to the increased cost and time associated with providing supplements to large
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livestock herds. Use of protein blocks may alleviate these problems when working at
large scales.
The effects of grazing on medusahead abundance during and after the grazing
study suggest cattle may be utilized to graze medusahead after it has matured in an
integrated management program with other forms of control to help reduce the infestation
of medusahead prior to seeding with desirable forage species. The reduction of
medusahead and its thick thatch layer can allow for better herbicide contact with the soil.
Reducing the seed bank of annual grasses is important to reduce the production and
survival of the annual species. Herbicides or mechanical disturbance can be used in the
fall after medusahead seeds have germinated to reduce competition prior to planting.
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Table 3.1. Forage availability1 of the different forage classes at the start and end of the 10
d grazing sessions across three periods, June, July, and August over two years of grazing
Year
Period
Time
Annual grass
Forb
Perennial grass
2
a
d,e
2012
June
Begin
990
328
143h,i
End
308d,e
163f,g,h
11k
d
b,c
July
Begin
396
532
116i,j
End
202f,g
102h,i
3k
c,d
b,c
August
Begin
415
533
16k
End
246e,f
113h,i
0k
2
a
d
2013
June
Begin
939
360
50j
End
651b
137g,h
0k
b
f,g
July
Begin
569
203
66j
End
339d,e
127g,h,i
0k
b
f,g
August
Begin
633
197
56j
f,g
i,j
End
213
69
0k
1
kg · ha -1
2
SE = 38.0.
a-k
Means with different subscripts differ (P < 0.05).
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Table 3.2. Forage quality of the different forage classes across three periods (June, July,
and August) over two years of grazing
Period
June
July
August
June
July
August
June
July
August
a-i

Annual Grass
Forb
Perennial Grass
2012
2013
2012
2013
2012
2013
-------------------------------------------CP (%)1------------------------------------------6.3 ± 0.4c,d
6.6 ± 0.4c
11.5 ± 0.4a
9.9 ± 0.4b
5.2 ± 0.4f,g
6.1 ± 0.4c,d,e
d,e,f
h,i
b
a,b
g,h
5.6 ± 0.4
4.2 ± 0.4
9.5 ± 0.4
10.5 ± 0.4
4.9 ± 0.5
5.6 ± 0.4e,f,g
g,h
i
c
b
g,h
4.7 ± 0.4
3.7 ± 0.4
7.0 ± 0.4
9.5 ± 0.4
4.8 ± 0.5
3.9 ± 0.4i
2
-------------------------------------------NDF (%) ------------------------------------------64.0 ± 1.0
63.1 ± 1.0
43.1 ± 1.0
43.1 ± 1.0
65.7 ± 1.1
65.4 ± 1.1
66.9 ± 1.0
70.0 ± 1.0
43.6 ± 1.0
44.5 ± 1.0
66.0 ± 1.3
70.0 ± 1.1
67.5 ± 1.0
69.0 ± 1.0
44.9 ± 1.0
49.0 ± 1.0
62.3 ± 1.4
72.0 ± 1.1
3
-------------------------------------------IVTD (%) ------------------------------------------76.0 ± 1.1
77.5 ± 1.1
86.0 ± 1.1
86.2 ± 1.1
70.0 ± 1.2
71.0 ± 1.2
71.2 ± 1.1
72.1 ± 1.1
79.8 ± 1.1
79.4 ± 1.1
66.7 ± 1.4
64.7 ± 1.2
70.2 ± 1.1
73.4 ± 1.1
75.9 ± 1.1
72.5 ± 1.1
64.5 ± 1.5
62.5 ± 1.1

Means with different superscripts differ (P < 0.05).
CP = crude protein. Values followed by the same letter are not differ (P < 0.05).
2
NDF = neutral detergent fiber.
3
IVTD = in vitro true digestibility.
1
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Figure 3.1. Precipitation during two years of a grazing study, 2012 and 2013, and one
year prior to and after grazing.
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Figure 3.2. Biomass production (kg · ha-1) of the different forage classes (annual grass,
forb, perennial grass) during two years of grazing (2012, 2013) and a year following
grazing (2014). Points followed by the same letter are not significantly different (P <
0.05).
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Figure 3.3. Percentage of medusahead measured in the annual grass forage class in the
grazed (supplemented, non-supplemented) pastures and the non-grazed pastures during
the two years of grazing (2012, 2013) and the year following grazing.
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Figure 3.4. Bites taken of annual grasses and forbs over 10 d grazing periods between
protein supplemented and non-supplemented cattle. Days with a * represent a significant
difference between supplemented and non-supplemented groups (P < 0.05).
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Figure 3.5. Annual grass consumption in cattle diets during two years of grazing over the
summer months; June, July, and August. Annual grasses consisted primarily of
medusahead.
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Figure 3.6. Forb consumption in cattle diets during two years of grazing over the summer
months; June, July, and August.
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Figure 3.7. Perennial grass consumption in cattle diets during two years of grazing over
the summer months; June, July, and August.
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CHAPTER 4
REVEGETATION TO PROVIDE AN ALTERNATIVE FORAGE SOURCE IN
LUPINE- AND MEDUSAHEAD-INVADED RANGELANDS ON THE
CHANNELED SCABLANDS OF EASTERN WASHINGTON

ABSTRACT

Vegetation in the Channeled Scablands of eastern Washington has been altered
from a bluebunch wheatgrass-sagebrush ecosystem to a medusahead-lupine landscape.
Medusahead (Taeniatherum caput-medusae [L.] Nevski) is an unpalatable weed seldom
utilized by livestock and thus it decreases carrying capacity. The objective of this study
was to determine if improved cool-season grasses could establish and persist on
medusahead-infested rangelands in the region. A split-plot randomized complete block
design consisting of four blocks was established at three different locations. Plots were
seeded in 2010 and entries included introduced cool-season grass cultivars Hycrest II
crested wheatgrass (Agropyron cristatum [L.] Gaertn.), Vavilov II Siberian wheatgrass
(Agropyron fragile [Roth] P. Candargy), Bozoisky II Russian wildrye (Psathyrostachys
juncea [Fisch.] Nevski), and a native cool-season grass mix comprised of Sherman big
bluegrass (Poa secunda J. Presl), Secar Snake River wheatgrass (Elymus wawawaiensis J.
Carlson & Barkworth), Bannock Thickspike wheatgrass (Elymus lanceolatus [Scribn. &
J. G. Sm.] Gould), and Recovery Western wheatgrass (Pascopyrum smithii [Rydb.] Á
Löve). Sherman big bluegrass was the only native species that established with 47 %
initial stand establishment and stand persistence increased to 65 % over the three years of
the study. Hycrest II initial stand establishment was 64 % and stand persistence decreased
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to 48 %. Vavilov II initial stand establishment was 57 % and decreased to 50 %. Sherman
big bluegrass matured early in the season and had greater biomass production than
Hycrest II and Vavilov II in May. The later-maturing Hycrest II and Vavilov II increased
in biomass production and were similar to Sherman big bluegrass in July. Bozoisky II
had poor stand establishment and its persistence decreased over the course of the study.
Crude protein content was greater at the May harvest for Hycrest II, Vavilov II, and
Sherman big bluegrass compared to the July harvest and values were similar over years.
Thus, Hycrest II, Vavilov II and Sherman big bluegrass established and persisted over the
three years of the study and are forages that can be used for revegetation on the
Channeled Scablands of eastern Washington.

INTRODUCTION

The Channeled Scablands are located in the Columbia Plateau of eastern
Washington. Glacial floods swept across 7 770 km2 (3 000 mi2) of the Columbia Plateau
removing the overlying loess and silt with more than 5 180 km2 (2 000 mi2) cut directly
into the basalt, leaving the channeled floors bare and eroded which created the Channeled
Scablands (Bretz, 1923). The native vegetation of the region is classified as a shrubsteppe (Daubenmire, 1970). Much of the vegetation on the deep fertile soils has been
converted to agriculture crop land (Dobler et al., 1996; Quigley and Arbelbide, 1997)
whereas the remaining native vegetation is found on rocky soils that are difficult to
cultivate and have been overgrazed by livestock. As a result, vegetation on the Channeled
Scablands has been degraded to a state dominated by the annual grass species, downy
brome (Bromus tectorum L) and medusahead (Taeniatherum caput-medusae [L.] Nevski)
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(Ralphs et al., 2011a). Due to the heavy use of downy brome by livestock, this annual
grass is being replaced by the less desirable medusahead, which is an aggressive exotic
annual grass (McKell et al., 1962). Medusahead decreases biological diversity, reduces
livestock forage production, degrades ecological function of native plant communities,
and increases the frequency of wildfires on rangelands (Davies and Svejcar, 2008).
Medusahead invasion often results in stands of near monocultures (George, 1992) with
limited forage value for livestock which can reduce grazing capacity by 50 to 80 %
(Hironaka, 1961).
In addition to annual grasses, velvet lupine (Lupinus leucophyllus Douglas ex
Lindl.) –a poisonous plant– is widely distributed in eastern Washington (Weaver, 1915).
Velvet lupine increases in abundance when competition from native bunchgrasses is
reduced due to overgrazing (Young, 1943). Lupines (Lupinus spp.) are deep-rooted
legumes that take advantage of moisture deep in the soil profile allowing them to remain
green late into the growing season (Panter et al., 2009). Lupines represent a high quality
forage source for livestock and one of the most nutritious forages throughout the grazing
season on the Channeled Scablands (Ralphs et al., 2006). Velvet lupine contains 14 % CP
in June and ranges from 8.4 to 10.6 % CP in July on the Channeled Scablands (LopezOrtiz et al., 2007; Ralphs et al., 2006). The lack of good quality forage on this
medusahead-dominated region results in livestock utilizing lupines as an alternative
forage source. However, velvet lupine contains the quinolizidine alkaloid, anagyrine, that
is teratogenic and causes a condition known as crooked calf syndrome (Keeler, 1976;
Keeler and Panter, 1989) and has become a serious threat to livestock producers on the
Channeled Scablands (Gay et al., 2007; Lee et al., 2008). Large cattle losses occurred in
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Adams County, WA in 1997 where more than 4 000 calves (over 30%) were born with
lupine induced skeletal malformations (Panter et al., 1999). On medusahead infested
rangelands, cattle begin to consume lupine when other beneficial vegetation becomes
depleted and frequently coincides with the critical gestation period (Ralphs et al., 2006;
Lopez-Ortiz et al., 2007). One recommendation that has been suggested to help reduce
the incidence of crooked calf syndrome is to provide an alternative forage source for
cows during this critical period of gestation (Panter et al., 2013).
Improved cool-season grass cultivars have been developed to establish and persist
in the harsh environments of the western US (Jones et al., 1991; Asay et al., 2001).
Reseeding with genetically improved cultivars directly into undesirable vegetation is one
of the most effective ways to reclaim degraded rangelands (Asay et al., 2003). Hycrest II
crested wheatgrass (Agropyron cristatum [L.] Gaertn.) was selected for improved
seedling establishment under drought and developed for reseeding disturbed rangelands
dominated by annual weeds (Jensen et al., 2009a). Vavilov II Siberian wheatgrass
(Agropyron fragile [Roth] P. Candargy) cultivar was selected for seedling establishment,
stand persistence, and for reseeding disturbed rangelands dominated by annual weeds
(Jensen et al., 2009b). Bozoisky II Russian wildrye (Psathyrostachys juncea [Fisch.]
Nevski) cultivar was selected for increased seedling vigor during establishment, seed
mass, seed yield, vegetative vigor, total dry matter production, and response to drought
(Jensen et al., 2006). Improved native grass species have also been developed for seeding
on semiarid range sites (Asay et al., 2001).
The presence of medusahead has altered the natural succession of vegetation on
the Channeled Scablands and restoration is necessary to change the vegetation from a
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medusahead-dominated plant community to a healthy perennial grassland. Restoration is
also necessary to increase forage value, abundance, and provide an alternative forage
source for livestock to help reduce the incidence of crooked calf syndrome. The
objectives of this study are to determine whether improved cool-season grass cultivars
can establish, persist, and increase forage production on the Channeled Scablands. We
hypothesized that: (1) planting improved introduced grass cultivars would establish,
persist, and reduce medusahead and other weeds and (2) planting a mix of improved
native grass cultivars would also establish, persist, and compete with medusahead.

METHODS

The study was located in the Channeled Scabland region of eastern Washington.
Precipitation varies throughout the region with the central and western portions at the
lowest elevations receiving the least amount of precipitation. Elevation gradually
increases towards the east, northeast, and south, and precipitation increases while ambient
temperatures decline (Franklin and Dyrness, 1973). The original plant community was
once classified as a sagebrush steppe in the drier areas (West and Young, 2000;
Daubenmire, 1970) and Palouse prairie to the east as precipitation increases (Sims and
Risser, 2000; Daubenmire, 1970) but is now dominated by annual grasses such as
medusahead and downy brome, perennial grasses such as Sandberg bluegrass (Poa
secunda J. Presl) and bulbous bluegrass (Poa bulbosa L.), and weedy forbs such as
fiddleneck (Amsinckia intermedia Fisch. & C.A. Mey), tansy mustard (Descurainia
pinnata [Walter] Britton), rush skeletonweed (Chondrilla juncea L.), black mustard
(Brassica nigra [L.] W.D.J. Koch), filaree (Erodium cicutarium [L.] L’Hér. Ex Aiton),
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prickly lettuce (Lactuca serriola L.) and western salsify (Tragopogon dubius Scop.)
(Ralphs et al., 2011b).
Plot Site Description
Plots were established on three ranches spanning over a 33 km transect of the
Scablands to take advantage of different rangeland conditions, environmental factors, and
variations in micro-climates. Site N was located about 36 km south of Ritzville, WA
(46°48.23’N, 118°16.98’W, 434 m). The soil is a coarse-loamy over sandy or sandy
skeletal, mixed, superactive, mesic calcidic haploxeroll (Stratford silt loam). Site C was
located about 36 km southeast of Ritzville, WA (46°50.29’N, 118°09.99’W, 469 m). The
soil is a coarse-loamy over sandy or sandy-skeletal, mixed, superactive, mesic typic
haploxeroll (Benge gravelly silt loam). Site S was located about 26 km southeast of
Ritzville, WA (47°03.16’N, 118°02.79’W, 553 m). The soil is classified the same as Site
C. The 50 yr mean annual precipitation is 203 mm with 60 % of the precipitation
occurring from September through February (Fig. 4.1; NOAA, 2014).

Experimental Design
The study was laid out in a split-plot with a randomized complete block design
consisting of four blocks per location. Each block consisted of eight plots (3 m x 15 m)
with seven different seeding treatments and one untreated control plot (Fig. 4.2). Grass
entries included Vavilov II Siberian wheatgrass, Bozoisky II Russian wildrye, Hycrest II
crested wheatgrass and a native mix (Table 4.1). One cultivar Immigrant and two
breeding lines of forage kochia (Bassia prostrata [L.] A.J. Scott) were interseeded with
Vavilov II to make up the remaining three plots. Whole plots were divided into two
subplots (3 m x 7.5 m) with half of the plot disturbed with one pass by a chisel plow and
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harrow and the second pass with the harrow alone prior to planting. The remaining
subplot was left undisturbed prior to planting.
With the exception of the control plot, plots were sprayed in the spring of 2009
with glyphosate (560 g ae · ha-1) and 2,4-dichlorophenoxyacetic acid (2,4-D; 584 g ae ·
ha-1) to remove existing vegetation using a CO2-pressurized backpack at a rate of 153 L ·
ha-1. The plots were sprayed again in the fall of 2009 with chlorsulfuron and
sulfometuron methyl at a rate of 26 and 53 g ai · ha-1, respectively, to remove the annual
grasses and forbs that germinated after the first herbicide application. Plots were spot
sprayed in June 2010 with glyphosate (560 g ae · ha-1), 2,4-D (584 g ae · ha-1) and
picloram (560 g ae · ha-1). Herbicides were combined with a 0.25 % v/v nonionic
surfactant (S-90 Surfactant, IFA-S90, Intermountain Farmers Association, Salt Lake City,
UT).
All plant materials used in this study, their common and Latin names, mixture %,
and germination rates are listed in Table 4.1. Grass entries were planted in November
2010 with a Truax no-till drill equipped with depth bands to ensure consistent seeding
depth at 0.95 cm. Row spacing was 20.3 cm. Bozoisky II, Hycrest II, and Vavilov II
entries were seeded at a rate of 11.2 kg · ha-1 pure live seed (PLS). The native mix was
seeded at a rate of 11.2 kg · ha-1 PLS. Forage kochia was seeded in January 2011 by
dropping the seed on the ground using a Gandy drop spreader at a rate of 2.2 kg · ha-1.
All plots were mowed to a stubble height of 0.25 m on November 2011 and December
2012, to remove the previous year’s growth.
The three forage kochia entries failed to establish likely due to herbicide residue
remaining from the chlorsulfuron and sulfometuron methyl herbicide. Immigrant forage
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kochia successfully established on sites adjacent to plots in this study that were not
treated with herbicide, which leads us to hypothesize the herbicide residue prevented
establishment in this study.

Measurements
Lupine plants were counted in each subplot prior to site preparation and again in
July 2012 and 2013. Foliar cover was estimated with the line-point intercept method
(Herrick et al., 2005) prior to herbicide treatments. Stand establishment of seeded grass
entries was measured in June 2011 –the first year after seeding– and stand persistence
was measured in July 2013 in each subplot using visual estimates based on a one to nine
rating and converted to a percentage (1=0%, 5=50%, 9=100%) as described in Robins et
al. (2013). Visual estimates of percent frequency of weeds in the subplots were also made
using the same procedure in June 2011 and July 2013. Weeds consisted of all other plant
material in the subplots that were not seeded grass entries. Stand persistence of seeded
grass entries in July 2012 was measured using the frequency grid described by Vogel and
Masters (2001) consisting of 24 squares (four rows of six squares), each 10.2 x 10.2 cm
(0.612 by 0.408 m frame). The number of squares containing at least one seeded plant
was counted. The number of squares containing the seeded plants was divided by the
maximum potential (24 squares) to obtain percent frequency of seeded species that
persisted. The frame was systematically placed over the drill rows at two locations within
each subplot at 3-m intervals alternating from left to the right side of the plot.
Above-ground standing crop biomass production was not determined the first year
of the study (2011) but it was determined in May and July of 2012 and 2013 by handharvesting all vegetation in a 0.25 m2 frame to an 8 cm stubble height. Within each
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subplot, two frames were clipped and combined into one sample. The frame was
systematically placed over the drilled rows at 3-m intervals alternating from left to the
right side of each plot. Samples were separated into two vegetation categories: grasses,
representing the seeded target grass entries, and weeds. Plant material was dried in a
forced air oven at 60°C to a constant weight. Dried samples were then ground in a Wiley
mill to pass through a 1-mm screen. Ground plant samples were scanned with a Model
6500 near-infrared reflectance spectrometer (NIRS; Pacific Scientific Instruments, Silver
Spring, MD) to estimate crude protein (CP), neutral detergent fiber (NDF), and in vitro
true digestibility (IVTD). Representative samples were selected from each time period
and used as a validation data set by wet chemical analyses (see below). The validation
data set consisted of 141, 129, and 109 samples each for CP, NDF, and IVTD,
respectively, which were not part of the NIRS equation. Samples used for calibration
were analyzed for nitrogen (N) content with the combustion method (AOAC, 1996) using
a Leco CHN-2000 Series Elemental Analyzer (Leco Corp., St. Joseph, MO). Levels of
CP were determined by multiplying N content x 6.25. A two-stage method was used to
determine IVTD with the first stage consisting of a 48-h in vitro fermentation in an
ANKOM Daisy II incubator (ANKOM Technology Corp., Fairport, NY). Analyses of
NDF and the second stage of the IVTD procedure were made using procedures modified
for use in an ANKOM-200 Fiber Analyzer (ANKOM Technology Corp., Fairport, NY).
The R2 value for validation of CP was 0.95 (standard error of prediction [SEP] = 0.57).
Corresponding R2 values were 0.95 (SEP = 1.99) for NDF and 0.79 (SEP = 3.24) for
IVTD.
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Data Analyses
The three varieties of forage kochia did not establish in the Vavilov II plots;
therefore, all plots containing Vavilov II were combined for analysis. LSMEANS were
determined for foliar cover, prior to start of the study, as a randomized block design using
the PROC GLIMMIX method in a mixed model analysis of variance (ANOVA) in SAS
v. 9.3 (SAS Institute, Cary, NC). Plots were the experimental units and the four blocks
were the replicates. Grass entries seeded in the plots were fixed effects and location was a
random factor in the model.
The effects of entry and disturbance by months and years on biomass production
and forage quality (CP, NDF, IVTD) were assessed using a mixed model ANOVA of a 4way factorial in a blocked split-plot design with repeated measures. The effects of entry
and disturbance by years on stand establishment and persistence were assessed using a
mixed model ANOVA of a 3-way factorial. Biomass, forage quality, and stand
establishment and persistence values were averaged over blocks at each location and the
means were used as data in the analysis. Locations, plot, subplot, and repeated measures
on a subplot were incorporated as random effects factors. Entry, disturbance, year, and
month were incorporated as fixed effects factors. Plots within location were experimental
units for levels of entry. Subplots within plots and location were experimental units for
disturbance. Repeated measures on subplots within plots and locations were experimental
units for year and month. Biomass production was transformed with a square root
transformation to meet assumptions of normality and homogeneity of variance.
Treatment means were reported as original, nontransformed data with standard errors.
Treatment means were separated using LSMEANS method and main effects were
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adjusted for Type I error inflation using the Tukey method. Data analysis was conducted
using the GLIMMIX procedure in SAS v 9.3 (SAS Institute, Cary, NC; P < 0.05).
Lupine count was low prior to and throughout the study with many of the plots
having no lupine plants. Very few lupine plants were observed in the study, therefore,
means ± SE were determined for lupine density.

RESULTS

The native mix plots were planted with a mix of four native grasses; Sherman big
bluegrass, Secar Snake River wheatgrass, Bannock Thickspike wheatgrass, and Recovery
Western wheatgrass (Table 4.1). However, Sherman big bluegrass was the only species
of the mix that established. Therefore, when the native mix is described in the results it
refers to Sherman big bluegrass.

Starting Foliar Cover
There was no difference in foliar cover across plots prior to application of
treatments (P > 0.28). Annual grasses consisted primarily of medusahead and downy
brome. Annual grass cover ranged from 46 to 48 ± 13.6 % across plots. Poa species,
consisting of P. secunda and P. bulbosa, were the next most abundant species and ranged
from 30 to 35 ± 11.8 % across plots. Forbs consisting of mustards, filaree, western
salsify, prickly lettuce, and rush skeletonweed ranged from 14 to 18 ± 4.1 % across plots,
collectively. Litter ranged from 2 to 3 ± 2.4 % across plots and bare ground ranged from
2 to 4 ± 1.0 % across plots.
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Establishment and Persistence
The grass entry by year interaction was significant for grass seedling
establishment (P < 0.0001; Table 4.2).There were no grasses planted in the control plots
and very minimum native perennial bunchgrasses were present on the study sites which
led to a frequency of grasses in the control plots of less than 1 % (Table 4.3). Hycrest II
had the greatest initial establishment at 64 % and displayed a quadratic decrease in stand
persistence over the three years of the study (P = 0.001). Contributing to the quadratic
response was a decrease from 64 % stand at establishment in 2011 to 44% stand
persistence in 2012 followed by an increase in stand persistence to 48% in 2013. Vavilov
II initial stand establishment was 57 % and stand persistence decreased over the study to
50 % in 2013. Sherman big bluegrass displayed a quadratic response (P = 0.019) with
initial stand establishment in year one at 47 % and stand persistence in year two at 48 %
followed by a large increase in stand persistence to 65% in 2013. Bozoisky II had the
lowest stand establishment of introduced grass entries at 21 % and stand persistence
decreased to 1% by year three of the study.
There was a significant entry by year interaction for weed frequency (P < 0.0001).
The weeds increased in the Bozoisky II plots from 58 to 99 % between 2011 and 2013
(Table 4.3). The grass entries that established and persisted were able to keep the weed
component reduced. Hycrest II, Vavilov II, and Sherman big bluegrass were similar in
frequency of weeds, which ranged from 43 to 51 %.
There was a significant disturbance by year interaction for grass entries
establishment and persistence (P = 0.008; Table 4.2) and a tendency for a disturbance by
year interaction among frequency of weeds (P = 0.055). Establishment of grass entries
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was 15 ± 3.5 % greater on disturbed plots than undisturbed plots in 2011. However, by
the end of the study, persistence of grass entries was similar between disturbed and
undisturbed plots, with values of 35 ± 3.5 % and 31 ± 3.5 %, respectively. The lower
frequency of grass establishment on the undisturbed plots resulted in a 14 ± 4.2% greater
frequency of weeds than the disturbed plots. However, by the end of the study, frequency
of weeds was similar across undisturbed and disturbed plots 71 ± 4.2 and 66 ± 4.2 %,
respectively.

Biomass Production
Disturbance with the chisel plow and harrow prior to planting resulted in a
disturbance by plant material interaction for biomass production (P = 0.0004; Table 4.2).
Biomass production was greater for grass entries on the disturbed compared to the
undisturbed plots, 1074 ± 194 and 832 ± 194 kg · ha-1, respectively. However, biomass
production of the weeds was similar on disturbed and undisturbed plots 797 ± 194 and
866 ± 194 kg · ha-1, respectively.
There was a grass entry by plant material by year interaction (P = 0.003; Table
4.4) for biomass production. Sherman big bluegrass and Vavilov II were similar in
biomass production, in 2012, followed by Hycrest II, and these three produced similar
grass biomass in 2013. Bozoisky II had low establishment and was reflected in the low
biomass production. Weed production was more than double in the control and Bozoisky
II plots compared to Hycrest II, Vavilov II, and Sherman big bluegrass plots. Weed
production was similar among the Hycrest II, Vavilov II, and native mix plots.
There was a grass entry by plant material by month interaction (P < 0.0001; Table
4.5) for biomass production. Sherman big bluegrass matured earlier in the season than the

86
other grass entries and biomass production was greater for Sherman big bluegrass in
May. Hycrest II and Vavilov II were later maturing exhibiting similar biomass production
to Sherman big bluegrass at the July harvests. Weed production was greater in the control
and Bozoisky II plots at both harvests.

Forage Quality
Crude protein concentration had a significant grass entry by plant material by
month by year interaction (P < 0.0001; Table 4.2) and was greater during the May harvest
in the grass entries and weeds compared to the July harvest with the exception of
Bozoisky II which was similar in CP content at both harvests in 2013 (Table 4.6). The
native bunchgrasses harvested in the control plot in May 2013 were similar in CP to the
seeded grass entries in May 2013, however, there was not enough native grass harvested
at the other time points for comparison. Crude protein content of the weeds were similar
in the control plots at the May harvest in both years however, the CP content of the weeds
within the Bozoisky II, Hycrest II, Vavilov II, and native mix plots was greater in May
2012 compared to May 2013 (Table 4.6).
There was a significant grass entry by plant material by month by year interaction
for NDF content (P < 0.0001; Table 4.2). Neutral detergent fiber content was greater in
the spring for Sherman big bluegrass than the other grass entries (Table 4.6). The NDF
content of the weeds was lowest at the first harvest in May 2012 and continued to
increase over the next three harvests.
There was a significant grass entry by plant material by month by year interaction
for IVTD content (P < 0.0001; Table 4.2). Sherman big bluegrass resulted in lower IVTD
content in the May harvest of both years compared to the other grass entries. However,
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IVTD content was similar in all grass entries at the July harvest in both years.
Digestibility was greater in the weed component of plots planted with Bozoisky II,
Hycrest II, Vavilov II and the native mix, at the first harvest, compared to the control plot
(Table 4.6). Digestibility of the weed component was similar in the control plots at the
May harvest of both years. Digestibility in the weeds component in the Bozoisky II,
Hycrest II, Vavilov II, and native mix plots decreased at the May harvest in 2013.
Digestibility of the weed component was lower at the July harvests of both years
compared to the May harvest and all plots were similar in digestibility. Disturbance did
not have an effect on CP, NDF, or IVTD content.
Lupine density during the study was low and there were no lupine plants present
in many of the plots. The control plots contained 1.04 ± 0.16 lupine plants and the seeded
plots contained less than 0.06 ± 0.16 lupine plants. Due to the low density of lupine we
were not able to determine if the grass entries reduced lupine densities.

DISCUSSION

Invasion of plant communities by medusahead decreases plant biodiversity and
reduces forage choices for grazing livestock and wildlife resulting in decreased carrying
capacity. Native vegetation cover and biomass production decreases as medusahead
density increases (Davies, 2011). There were very few native bunchgrasses remaining
across the different locations in this study. An overlap in perennial bunchgrass and exotic
annual grass spatial and temporal acquisition of resources (James et al., 2008) can help
explain the decrease in perennial bunchgrasses. The increased fire frequency associated
with increased exotic annual grasses (D’Antonio and Vitousek, 1992) also perpetuates the
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cycle of increased medusahead. Native plant communities that have evolved with less
frequent fire frequencies are more susceptible to alteration with increased fires
(Whisenant, 1990; Brooks et al., 2004). The lack of native vegetation in this study is
indicative of the aforementioned alteration and cycle of increased abundance of
medusahead.
Hycrest II, Vavilov II, and Sherman big bluegrass established on the harsh
environment of the Channeled Scablands and persisted over the study. Vavilov II had
similar initial establishment as reported by Jensen et al. (2009b), 57 % in our study
compared with 52 % in Yakima, WA which is west of our study sites. Jensen et al.
(2009b) reports persistence of Vavilov II at 68 % compared to persistence of 50 % in our
study. Hycrest II stand establishment was 64 % which is lower than the 72 to 85 %
reported by Jensen et al. (2009a) across locations in UT, ID, MT, and ND with one
location as low as 35 %. Russian wildrye can be difficult to establish (Ogle et al., 2012)
and Bozoisky II failed to establish in this study. Bozoisky II is a Russian wildrye that is
adapted to areas receiving 8-16 inches annual precipitation (Ogle et al., 2011). It is
important in revegetation efforts that a species establish and persist. Failure of
establishment will lead to increased reinvasion of the exotic annual species. The inability
of Bozoisky II to establish provided an opportunity for the weed component in the
vegetation to flourish. The weed production in the Bozoisky II plots was greater during
the first three harvests than the control plots.
Native grasses are relatively more difficult to establish and less persistent than
nonnative grasses on sites with less than 300 mm of annual precipitation (Asay et al.,
2001; Robins et al., 2013). Precipitation was 193 mm north of the study site and 168 mm
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to the west for the establishment year (2011). Sherman big bluegrass was the only native
species in the native mix that established. Asay et al. (2001) reported successful
establishment of Secar Snake River and Bannock thickspike wheatgrasses at Yakima,
WA. Precipitation at the location was above normal during the years of stand
establishment. Secar Snake River, Bannock Thickspike, and Recovery Western
wheatgrasses did not establish at the various sites in this study.
Biomass production of medusahead was lower in plots established with Hycrest
II, Vavilov II, and Sherman big bluegrass. However, biomass production of medusahead
increased in plots due to the lack of establishment of Bozoisky II. High densities of
perennial bunchgrasses are necessary to reduce the invasion potential of exotic annual
grasses (Davies et al., 2015). The initial grass stand establishment varied among Hycrest
II, Vavilov II, and Sherman big bluegrass and grass persistence continued to change
among these species over the course of the study and in similar fashion, biomass
production of these three grasses changed. There was a total reduction in biomass
production of Hycrest II, Vavilov II, and Sherman big bluegrass in 2013 compared to
2012. Precipitation, in 2012, was 57 % higher and in 2013 was 26 % lower than the 50 yr
average which could account for the decrease in forage production. Vavilov II biomass
production was 1 797 kg · ha-1, in 2012, but decreased to 1 229 kg · ha-1 in 2013. Jensen
et al. (2009b) reported biomass production of 2 179 kg · ha-1, for Vavilov II, combined
across Yakima, WA and Guernsey, WY locations.
The increased competition from Hycrest II, Vavilov II, and Sherman big
bluegrass reduced medusahead and other weeds. Increasing the abundance of perennial
grasses can reduce the spread of weedy and invasive species (Baker and Wilson, 2004;
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Blumenthal et al., 2003). The increased biomass production of Hycrest II, Vavilov II, and
Sherman big bluegrass helped reduce medusahead biomass production. James et al.
(2008) showed that bunchgrasses that had high biomass production contributed to
invasion resistance.
The high weed biomass production in the control plots is an indicator that the
natural vegetation in the region is composed of undesirable weeds and very little native
grasses. Bozoisky II produced very little biomass resulting in a high weed biomass
production in the Bozoisky II plots in both years. Kyser et al. (2013) report that 3 years
after herbicide treatment, with a lack of establishment of desirable species, medusahead
cover was similar to untreated plots and increased in sulfometuron + chlorsulfuron plots.
They attributed the increase in medusahead cover to an actual decrease in medusahead
density but to more robust and larger plants. Medusahead quickly reestablished on plots
that did not provide competition, which is evident from the high weed content on the
Bozoisky II plots. Invasive annual grasses can quickly recolonize an area that has been
treated and prepared for revegetation because of abundant seed production and/or
persistent seed banks (Young, 1992). Davies (2008) reported a negative correlation
between mature bunchgrass density and medusahead establishment. Medusahead
establishment declined as bunchgrass density increased. Annual grasses, such as B.
tectorum and T. caput-medusae, germinate in the fall and elongate roots during low
winter temperatures (Harris and Wilson, 1970). This rapid root elongation gives them an
advantage over native grass species such as bluebunch wheatgrass due to their ability to
utilize available soil moisture earlier in the season prior to bluebunch wheatgrass.
However, crested wheatgrass roots are able to penetrate the soil almost as rapidly as the
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annual grasses and make it to favorable soil moisture (Harris and Wilson, 1970). Davies
et al. (2010) was able to limit the establishment of medusahead by seeding crested
wheatgrass. The inability to get a desirable species to establish quickly after disturbance
provides an opportunity for medusahead to reestablish and it becomes more difficult to
establish desirable species the longer the time after control (Monaco et al., 2005; Sheley
et al., 2007).
The arid environment and highly erodible soil provide additional obstacles that
make the Channeled Scablands a difficult area to restore. Moisture availability in arid
environments can be a key determinant in the success of restoration. Medusahead has
displaced cheatgrass in many locations and dense monocultures of medusahead make
restoration efforts difficult. The likelihood of successful restoration decreases with high
density of medusahead and after substantial losses of native plant species (Davies, 2011;
Davies and Sheley, 2011). Success of a restoration process can be enhanced with
inclusion of species that are adapted to the environmental conditions of the site being
restored. In highly degraded ecosystems, rehabilitation with improved species that will
establish and compete with undesirable annuals is necessary. Medusahead will regain
dominance of a plant community without successful establishment of seeded species
(Young, 1992; Monaco et al., 2005).
Initial establishment of grass entries was greater due to the mechanical
disturbance created by the chisel plow and harrow and establishment frequency was 15 %
greater than the undisturbed plots but this advantage was not apparent by the end of the
study. Medusahead and other weeds were 14 % greater on the undisturbed plots at the
start of the study but were similar by the end of the study. Biomass production of grass
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entries was greater due to the mechanical disturbance but the added benefit from
disturbance did not persist over the years. Providing extra disturbance may be beneficial
for the initial establishment of grasses but the extra costs associated may not be warranted
when herbicides are used to remove vegetation prior to planting.
The teratogenic plant velvet lupine is not replaced by medusahead and thus
becomes a forage source for livestock as the quantity and quality of other forage declines
on the annual grass dominated rangelands in the Channeled Scablands (Ralphs et al.,
2006). Hycrest II, Vavilov II, and Sherman big bluegrass were competitive and decreased
medusahead and other weeds. Sherman big bluegrass matured earlier in the season than
the other grass entries thus, NDF content was greater and IVTD content was lower in the
spring for Sherman big bluegrass than the other grass entries. Hycrest II and Vavilov II
remained greener later in to the season thus providing a green forage alternative to lupine
later in the season. Although the grass entries in this study were low in CP content late in
the season, providing a continuous source of forage should help reduce consumption of
lupine by gestating cows. Lupine is usually grazed later in the season when other
available forage sources are depleted (Ralphs et al., 2006; Lopez-Ortiz et al., 2007).
Control methods to remove medusahead provide only short-term control and if
revegetation is not successful, medusahead rapidly reestablishes (Davies, 2010; Monaco
et al., 2005). Establishment of grass cover is necessary to control weed cover and reduce
the reestablishment of medusahead, however, revegetation of medusahead infested
rangelands with the wrong plant material is often unsuccessful (Monaco et al., 2005;
Sheley et al., 2007). Persistence of planted species is important in annual grass invaded
sites to provide competition and reduce the potential of reestablishment of invasive
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annuals because of the large seed banks from annuals on annual grass dominated sites
(Humphrey and Schupp, 2001). Increasing perennial bunchgrass density and thus
providing competition with exotic annual grasses from desirable species is necessary to
provide a plant community that is resistant to reinvasion (Borman et al., 1991; Davies,
2008).

IMPLICATIONS

Producers and land managers in the Channeled Scablands of eastern Washington
are faced with a daunting task to revegetate the exotic annual rangeland that is dominated
by medusahead. Hycrest II crested wheatgrass, Vavilov II Siberian wheatgrass, and the
native Sherman big bluegrass, all established well and persisted over the study as
potential grasses to compete with medusahead. However, Bozoisky II Russian wildrye
had poor establishment and did not persist on the three study sites across the Channeled
Scablands in eastern Washington. Crude protein content was high in all three species in
May but decreased later in the season in July. Even though CP content declined later in
the season when gestating cows require higher nutrients, providing adequate forage
supply which occurred from the increased biomass production of three species, may
supply ample forage to keep gestating cows from grazing lupine during the critical stage
of gestation. Long-term monitoring needs to be conducted to determine if these grass
species will persist and continue to compete with medusahead. Grazing studies also need
to be conducted to determine if gestating cows will prefer these grass species over lupine
and if these grass species will persist long term from livestock usage.
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Table 4.1. Plant materials used in the study, common and Latin names,
mixture percent, and germination rates.
Variety
Common name
% of Scientific name
% PLS3
mix2
Untreated control plot
Native mix
Poa secunda J.
Sherman
Big bluegrass
5
88
Presl
Elymus
wawawaiensi
Snake River
Secar
41
88
s J. Carlson
wheatgrass
& Barkworth
Elymus
lanceolatus
Thickspike
Bannock
21
(Scribn. &
91
wheatgrass
J.G. Sm.)
Gould
Pascopyrum
smithii
83
Recovery
Western wheatgrass
33
(Rydb.) Á
Löve
Agropyron
Hycrest II
Crested wheatgrass
—
cristatum
90
(L.) Gaertn.
Agropyron
fragile
89
Vavilov II
Siberian wheatgrass
—
(Roth) P.
Candargy
Psathyrostachys
juncea
Bozoisky II
Russian wildrye
—
92
(Fish.)
Nevski
Immigrant1
Forage kochia
— Bassia
43
1
prostrata
Sahro
Forage kochia
—
54
(L.) A.J.
Scott; syn.
Kochia
Pustinny1
Forage kochia
—
30
prostrata
(L.) Schrad.
1
Forage kochia species were interseeded with Vavilov II.
2
Percent of each native grass entry in the mix.
3
Percent Pure Live Seed.
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Table 4.2. ANOVA results for biomass production, establishment frequency of grass entries and weeds, and forage quality.
Grass
Weed
----------Forage Quality---------Biomass
Frequency
Frequency
Production
(%)
(%)
CP (%)1
NDF (%)2
IVTD (%)3
Effect
df
P value
P value
P value
P value
P value
P value
Plant Material (pm)
1
0.0018
<0.0001
<0.0001
<0.0001
Disturbance
1
0.166
0.1426
0.0661
0.8233
0.896
0.8351
Pm · disturbance
1
0.0004
0.3203
0.0909
0.8872
Month
1
0.004
<0.0001
<0.0001
<0.0001
Pm · month
1
0.1111
0.0004
0.0002
<0.0001
Disturbance · month
1
0.6142
0.1403
0.9463
0.2095
Year
1
0.7393
0.0002
<0.0001
<0.0001
<0.0001
<0.0001
Pm · year
1
0.6234
<0.0001
<0.0001
<0.0001
Disturbance · year
1
0.798
0.0081
0.0549
0.6963
0.2923
0.5751
Month · year
1
0.0361
<0.0001
<0.0001
<0.0001
Pm · month · year
1
0.6629
<0.0001
<0.0001
<0.0001
Grass entry
4
<0.0001
<0.0001
<0.0001
0.0005
<0.0001
<0.0001
Pm · grass entry
4
<0.0001
<0.0001
<0.0001
<0.0001
Disturbance · grass entry
4
0.5763
0.0082
0.3431
0.2046
0.1995
0.9934
Month · grass entry
4
0.0544
<0.0001
<0.0001
<0.0001
Year · grass entry
4
0.1523
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
Pm · month · grass entry
4
<0.0001
<0.0001
<0.0001
<0.0001
Pm · year · grass entry
4
0.0031
<0.0001
<0.0001
<0.0001
Month · year · grass entry
4
0.3938
<0.0001
<0.0001
<0.0001
Pm · month · year · grass
4
0.4595
<0.0001
<0.0001
<0.0001
entry
1
Crude protein.
2
Neutral detergent fiber.
3
In vitro true digestibility.
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Table 4.3. Percent frequency of establishment and persistence of plant materials,
seeded grass entries and weeds (± SE), throughout the study with contrast (Pvalue) of grass entries.
Plots
--2011---2012---2013-1
-----------------Grass Entries (%)----------------Contrast
Control
1 ± 4.1 e
0 ± 4.1 e
0 ± 4.1 e
None
Bozoisky II
21 ± 4.1 d
4 ± 4.1 e
1 ± 4.1 e
Quadratic (0.048)
Hycrest II
64 ± 4.1 a
44 ± 4.1 c
48 ± 4.1 bc
Quadratic (0.001)
Vavilov II
57 ± 4.1 ab
53 ± 4.1 bc
50 ± 4.1 bc
Linear (0.075)
Native mix
47 ± 4.1 bc
48 ± 4.1 bc
65 ± 4.1 a
Quadratic (0.019)
---------------------Weeds2 (%)--------------------Control
93 ± 5.6 a
99 ± 5.6 a
—3
—
Bozoisky II
58 ± 5.6 b
99 ± 5.6 a
—
—
Hycrest II
43 ± 5.6 c
51 ± 5.6 bc
—
—
Vavilov II
44 ± 5.6 c
49 ± 5.6 bc
—
—
Native mix
45 ± 5.6 bc
45 ± 5.6 bc
—
—
1
Means for grass entry not followed by the same letter differ (P < 0.05).
2
Means for weeds not followed by the same letter differ (P < 0.05).
3
—, data not collected.

105
Table 4.4.Biomass production (kg · ha-1) of seeded grass entries and weeds (± SE) over
years.
---------------2012-----------------------------2013--------------Grass
Weeds
Grass
Weeds
Control
0 ± 232.2 f
1254 ± 232.2 c
136 ± 232.2 e
1178 ± 232.2 c
Bozoisky
105 ± 232.2 e
1481 ± 232.2 bc 139 ± 232.2 e
1301 ± 232.2 bc
II
Hycrest II
1455 ± 232.2 bc 562 ± 232.2 d
1181 ± 232.2 c
573 ± 232.2 d
Vavilov II 1797 ± 232.2 ab 429 ± 232.2 d
1229 ± 232.2 c
515 ± 232.2 d
Native Mix 1940 ± 232.2 a
517 ± 232.2 d
1548 ± 232.2 abc 502 ± 232.2 d
Means followed by different letters are significantly different (P < 0.05).

106
Table 4.5. Biomass production (kg · ha-1) of seeded grass entries and weeds (± SE) over
months.
---------------May-----------------------------July--------------Grass
Weeds
Grass
Weeds
Control
124 ± 232.2 f
1070 ± 232.2 cd
12 ± 232.2 g
1362 ± 232.2 bc
Bozoisky II 123 ± 232.2 f
1270 ± 232.2 bcd 120 ± 232.2 f
1512 ± 232.2 ab
Hycrest II
971 ± 232.2 d
552 ± 232.2 e
1665 ± 232.2 ab 584 ± 232.2 e
Vavilov II
977 ± 232.2 d
502 ± 232.2 e
2049 ± 232.2 a
443 ± 232.2 e
Native Mix 1554 ± 232.2 ab 532 ± 232.2 e
1935 ± 232.2 a
487 ± 232.2 e
Means followed by different letters are significantly different (P < 0.05).
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Table 4.6. Forage quality (%) of grass entries and weeds at the May and July harvests (±
SE) over two years.
----------Grass----------

----------Weeds-------------------% CP1-------------------2012---------May
July
May
July
Control
0 ± 0.60 l
0 ± 0.60 l
10.3 ± 0.60 bcd
7.5 ± 0.60 gh
Bozoisky II
0 ± 0.60 l
11.9 ± 0.64 a
10.7 ± 0.60 abcd
5.8 ± 0.60 ijk
Hycrest II
10.6 ± 0.60 abcd
4.7 ± 0.60 jk
11.1 ± 0.60 abc
6.3 ± 0.60 hi
Vavilov II
10.5 ± 0.60 abcd
4.5 ± 0.60 k
10.6 ± 0.60 abcd
6.3 ± 0.60 hi
Native Mix
9.4 ± 0.60 def
5.7 ± 0.60 ijk
10.9 ± 0.60 abc
6.1 ± 0.64 hij
----------2013---------Control
11.8 ± 0.92 ab
0 ± 0.60 l
10.7 ± 0.60 abcd
5.9 ± 0.60 ijk
Bozoisky II 12.0 ± 0.69 a
12.1 ± 0.79 a
8.8 ± 0.60 efg
5.5 ± 0.60 ijk
Hycrest II
10.4 ± 0.60 bcd
5.0 ± 0.60 ijk
8.5 ± 0.60 fg
5.2 ± 0.60 ijk
Vavilov II
10.1 ± 0.60 bcde
5.4 ± 0.60 ijk
8.6 ± 0.60 fg
5.4 ± 0.60 ijk
Native Mix
9.8 ± 0.60 cdef
6.0 ± 0.60 ij
9.4 ± 0.60 def
5.8 ± 0.60 ijk
----------% NDF2-------------------2012---------Control
0 ± 1.57 r
0 ± 1.57 r
56.7 ± 1.57 mno
61.0 ± 1.57 hijkl
Bozoisky II
0 ± 1.58 r
65.4 ± 1.71 defgh
53.9 ± 1.57 opq
65.8 ± 1.57 cdefgh
Hycrest II
52.1 ± 1.57 pq
62.9 ± 1.57 fghij
51.2 ± 1.57 q
61.9 ± 1.57 hijkl
Vavilov II
54.2 ± 1.57 opq
66.3 ± 1.57 bcdefg
53.8 ± 1.57 opq
60.7 ± 1.57 hijkl
Native Mix 67.7 ± 1.57 bcd
72.7 ± 1.57 a
55.6 ± 1.57 nop
67.5 ± 1.71 bcde
----------2013---------Control
66.0 ± 2.60 bcdefgh
0 ± 1.57 r
59.4 ± 1.57 jklmn
66.8 ± 1.57 bcdef
Bozoisky II 58.0 ± 1.88 lmno
66.0 ± 2.25 bcdefgh 62.2 ± 1.57 hijkl
69.9 ± 1.57 ab
Hycrest II
58.6 ± 1.57 klmn
61.3 ± 1.57 hijkl
63.3 ± 1.57 efghij
69.1 ± 1.57 abcd
Vavilov II
59.8 ± 1.57 ijklm
63.5 ± 1.57 efghi
62.6 ± 1.57 ghijk
67.5 ± 1.57 bcd
Native Mix 67.5 ± 1.57 bcd
69.6 ± 1.57 abc
62.9 ± 1.57 fghij
70.0 ± 1.57 ab
----------% IVTD3-------------------2012---------Control
0 ± 1.40 o
0 ± 1.40 o
82.8 ± 1.40 def
68.0 ± 1.40 ijklm
Bozoisky II
0 ± 1.40 o
69.7 ± 1.49 ijk
87.9 ± 1.40 ab
69.6 ± 1.40 ijk
Hycrest II
88.9 ± 1.40 a
68.3 ± 1.40 ijkl
87.8 ± 1.40 ab
70.2 ± 1.40 i
Vavilov II
87.1 ± 1.40 abc
66.6 ± 1.40 klmn
86.8 ± 1.40 abc
69.8 ± 1.40 ij
Native Mix 77.0 ± 1.40 h
66.9 ± 1.40 jklmn
86.6 ± 1.40 abc
64.7 ± 1.49 mn
----------2013---------Control
75.0 ± 2.15 h
0 ± 1.40 o
82.7 ± 1.40 def
67.3 ± 1.40 ijklmn
Bozoisky II 82.4 ± 1.60 def
68.9 ± 1.87 ijkl
84.2 ± 1.40 cde
66.8 ± 1.40 jklmn
Hycrest II
85.1 ± 1.40 bcd
69.4 ± 1.40 ijk
80.7 ± 1.40 fg
65.8 ± 1.40 lmn
Vavilov II
83.2 ± 1.40 def
67.9 ± 1.40 ijklm
80.6 ± 1.40 fg
64.7 ± 1.40 n
Native Mix 77.7 ± 1.40 gh
69.6 ± 1.40 ijk
81.7 ± 1.40 ef
65.0 ± 1.40 lmn
1
Crude protein. Means for CP not followed by the same letter differ (P < 0.05).
2
Neutral detergent fiber. Means for NDF not followed by the same letter differ (P < 0.05).
3
In vitro true dry matter digestibility. Means for IVTD not followed by the same letter differ (P < 0.05).
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Figure 4.1. Seasonal precipitation to the north and south of the study site during the study and 50
year average.
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Figure 4.2. Experimental plot layout
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CHAPTER 5
SEEDING MEDUSAHEAD-INVADED RANGELAND FOLLOWING MECHANICAL
DISTURBANCE ON THE CHANNELED SCABLANDS OF EASTERN
WASHINGTON

ABSTRACT

Vegetation on the Channeled Scablands of eastern Washington has been altered to
a medusahead-lupine dominated landscape. Medusahead (Taeniatherum caput-medusae
[L.] Nevski) is seldom utilized by livestock, decreases carrying capacity, and can lead to
the consumption of poisonous plants. Velvet lupine (Lupinus leucophyllus Douglas ex
Lindl.) grows on the medusahead-invaded rangeland of the Channeled Scablands and if
consumed by cattle can cause crooked calf syndrome. The objective of this study was to
determine if mechanical tillage can be used to establish Vavilov II Siberian wheatgrass
(Agropyron fragile [Roth] Candargy) and Immigrant forage kochia (Bassia prostrata [L.]
A.J. Scott) to restore rangelands invaded by medusahead. Five plots were established at
four separate locations across a 48 km transect on the Channeled Scablands. Plots were
mechanically disturbed with a disk, seeded during 2010, and responses measured during
2012 and 2013. Vavilov II established at all locations and produced the most biomass by
the end of the study at the location farthest to the north and at one plot farthest to the
south. Immigrant forage kochia established at all locations and had the greatest biomass
production during the last harvest at the location farthest to the north and at one plot
farthest to the south. Crude protein (CP) content of Immigrant forage kochia was greater
than 8.5 % in July and was greater than 11 % on four of the plots. Thus, Immigrant
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forage kochia would meet cattle CP requirements late in the growing season. Vavilov II
and Immigrant forage kochia established in the medusahead infested rangeland after
disturbance with a disk and would provide an alternative forage source to lupine for
grazing cattle, assist in mitigating medusahead infestations, and help reduce the incidence
of crooked calf syndrome.

INTRODUCTION

The original shrub-steppe vegetation on the Channeled Scablands of eastern
Washington was altered as settlers moved into the region and is now dominated by
annual grasses such as downy brome (Bromus tectorum L) and medusahead
(Taeniatherum caput-medusae [L.] Nevski). Downy brome is utilized as a forage source
for livestock in the region (Luke McCrae letter, Appendix B). Heavy use early in the
spring reduces seed production of downy brome and consecutive years of grazing results
in significant reduction of downy brome (Mosley et al., 1999). Medusahead is a superior
competitor and has been found to replace downy brome (Young and Evans, 1970).
Medusahead is not utilized by livestock and reduces grazing capacity (Hironoka, 1961).
Medusahead invasion alters ecosystem-level processes (D’Antonio and Vitousek, 1992)
and decreases native plant communities and plant diversity (Davies and Svejcar, 2008).
Restoration efforts on rangelands infested with medusahead have the best chance
of success when some type of medusahead control is utilized (Davies, 2010; Nafus and
Davies, 2014). The management of medusahead occurs best with a combination of
methods: burning, tillage, herbicides, and reseeding with perennial plant species (Nafus
and Davies, 2014). Revegetating medusahead-infested rangelands with multiple strategies
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can be expensive and difficult. Restoration after herbicides can have varying results and
do not always work in the arid environment of the Intermountain West (Kyser et al.,
2007; Monaco et al., 2005) and may have negative impacts on native vegetation.
Herbicides can be expensive and difficult to employ over large land areas. Effectiveness
of glyphosate (Kyser et al., 2008) and imazapic (Kyser et al., 2007) has been reduced due
to the interference of the herbicide from the thick thatch layer formed by medusahead.
Burning, especially on rangelands infested with annual grasses, can be unpredictable and
dangerous.
Providing a disturbance through mechanical tillage can be a quick and efficient
method to aid in revegetation. Tilling medusahead infested rangelands after seeds have
germinated but prior to plants maturing and setting seed will provide a period of reduced
competition from medusahead and provide enough of a disturbance within the thick
thatch layer that allows newly planted seedlings to contact soil for germination.
Recommended approaches to revegetate medusahead invaded sites include multientry
approaches that often include a fall herbicide application followed by a disturbance such
as burning or disking the following spring and a separate seeding in the spring or fall
after disking (Sheley et al., 2012). This method results in high cost of application and is
not feasible for many livestock producers. Producers are more likely to initiate a
management plan against medusahead if it is effective and low in cost (Sheley et al.,
2012).
Lupine (Lupinus spp.) is a component of the natural vegetation on the Channeled
Scablands. Lupines are legumes and have high crude protein (CP) content. They can
supplement the diet of livestock grazing low quality annual grasses. However, some
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lupines contain alkaloids that can be teratogenic to livestock (Keeler, 1976; Panter et al.,
1998). Velvet lupine (Lupinus leucophyllus Douglas ex Lindl.) is found throughout the
rangelands in the Channeled Scablands and contains the alkaloid anagyrine which causes
crooked calf syndrome (CCS). Cows that consume lupine during 40 to 100 d of gestation
can develop calves that are born with skeletal malformations such as twisted spine, neck,
and one or both forelimbs (Lee et al., 2008).
Demonstrating to producers that minimal disturbance can be used to establish
grasses and forbs in invaded plant communities can be beneficial. Establishing coolseason grasses and forbs can also provide an alternative forage source to lupine for
grazing livestock during the critical period of gestation to reduce the incidence of CCS.
The objective of this study was to utilize mechanical tillage to provide a seed bed to
establish Vavilov II (Agropyron fragile [Roth] P. Candargy) and Immigrant forage kochia
(Bassia prostrata [L.] A.J. Scott) and reduce competition from medusahead long enough
for the planted species to establish.

METHODS

PLOT SITE DESCRIPTION
The plots spanned a 48 km transect across the Channeled Scablands of eastern
Washington to take advantage of different rangeland conditions, environmental factors,
and variations in micro-climates. The original plant community was once classified as a
sagebrush steppe (Daubenmire, 1970) but is now dominated by annual grasses such as
medusahead and downy brome, perennial grasses such as Sandberg bluegrass (Poa
secunda J. Presl) and bulbous bluegrass (Poa bulbosa L.), and weedy forbs such as
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fiddleneck (Amsinckia intermedia Fisch. & C.A. Mey), tansy mustard (Descurainia
pinnata [Walter] Britton), rush skeletonweed (Chondrilla juncea L.), black mustard
(Brassica nigra [L.] W.D.J. Koch), filaree (Erodium cicutarium [L.] L’Hér. Ex Aiton),
prickly lettuce (Lactuca serriola L.) and western salsify (Tragopogon dubius Scop.)
(Ralphs et al., 2011a).
Five sites were established on four separate ranches (Fig. 5.1). Site 1 and Site 2
were located, farthest to the south, 53 km south of Ritzville, WA (46°39.62’N,
118°16.25’W, 392 m) and on the same ranch. The soil is a coarse-loamy, mixed,
superactive, mesic aridic haploxeroll (Roloff-Lickskillet-Rock outcrop complex). Site 3
was located about 36 km south of Ritzville, WA (46°48.144’N, 118°17.075’W, 434 m).
The soil is a coarse-loamy over sandy or sandy skeletal, mixed, superactive, mesic
calcidic haploxeroll (Stratford silt loam). Site 4 was located about 36 km southeast of
Ritzville, WA (46°50.195’N, 118°10.039’W, 469 m). The soil is a coarse-loamy over
sandy or sandy-skeletal, mixed, superactive, mesic typic haploxeroll (Benge gravelly silt
loam). Site 5 was located farthest to the north about 26 km southeast of Ritzville, WA
(47°3.626’N, 118°2.514’W, 545 m). The soil is classified the same as Site 4. The 50 yr
mean annual precipitation in the region is 203 mm with 60 % of the precipitation
occurring from September through February (Fig. 5.2; NOAA, 2014).

EXPERIMENTAL DESIGN
Site 1 consisted of a 0.13 ha plot. Site 2 consisted of 0.21 ha plot and was located
adjacent to Site 1. The top soil at Site 2 was removed with a road grader the previous
spring as a fire break and thus there was no medusahead thatch on the plot. Sites 3 and 4
consisted of 0.11 ha and 0.41 ha plots, respectively. Prior to planting, all four sites
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received two passes with a disk (Tennessee River Implement Mfg. Inc., Decatur, TN).
Site 5 consisted of 0.90 ha plot which was disked (McCormick International 480, Duluth,
GA) by the owner with four passes prior to planting. Thus, the ground had the most
disturbance at this site. Plots were planted with Vavilov II Siberian wheatgrass and
Immigrant forage kochia. The grass was seeded at all locations in November 2010 with a
Gandy drop seeder (Anertec and Gandy Co., Owatonna, MN, USA) at a rate of 11.2 pure
live seed kg · ha-1. One pass with a harrow was made after planting to cover the seed.
Forage kochia seed was broadcast with a Herd Sure-Feed Broadcaster (Herd Seeder
Company, Inc., Logansport, IN, USA) in January 2011 at a rate of 2.2 kg · ha-1.

MEASUREMENTS
Aboveground biomass production was determined by hand-harvesting all
vegetation across a transect; starting 35 m from the edge of the plot a sample was
collected every 2 m using a 0.25 m2 frame during May and July of 2012 and 2013 to a
stubble height of 8 cm. Vegetation was separated into categories of annual grass, Vavilov
II, forb, and forage kochia. Sixteen frames were clipped at each site and at each harvest
time. Plant material was dried in a forced air oven at 60°C to a constant weight to
determine above ground dry matter biomass yield (DMY). Dried samples were then
ground in a Wiley mill to pass through a 1-mm screen. Ground plant samples were
scanned with a Model 6500 near-infrared reflectance spectrometer (NIRS; Pacific
Scientific Instruments, Silver Spring, MD) to estimate crude protein (CP), neutral
detergent fiber (NDF), and in vitro true digestibility (IVTD). Representative samples
were selected from each time period and used as a validation data set by wet chemical
analyses (see below). The validation data set consisted of 141, 129, and 109 samples each
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for CP, NDF, and IVTD, respectively, which were not part of the NIRS equation.
Samples used for calibration were analyzed for nitrogen (N) content with the combustion
method (AOAC, 1996) using a Leco CHN-2000 Series Elemental Analyzer (Leco Corp.,
St. Joseph, MO). Levels of CP were determined by multiplying N content x 6.25. A twostage method was used to determine IVTD with the first stage consisting of a 48-h in
vitro fermentation in an ANKOM Daisy II incubator (ANKOM Technology Corp.,
Fairport, NY). Analysis of NDF and the second stage of the IVTD procedure were made
using procedures modified for use in an ANKOM-200 Fiber Analyzer (ANKOM
Technology Corp., Fairport, NY). The R2 value for validation of CP was 0.95 (standard
error of prediction [SEP] = 0.57). Corresponding R2 values were 0.95 (SEP = 1.99) for
NDF and 0.79 (SEP = 3.24) for IVTD.
Frequency of forage kochia and lupine was determined by counting the number of
plants within each 0.25 m2 frame prior to clipping for biomass production.

STATISTICAL ANALYSES
The effects of forage class by months and years on forage quality (CP, NDF,
IVTD) and biomass production were assessed using an analysis of variance of a 3-way
factorial with repeated measures. The effects of month and year on forage kochia
frequency were assessed using an analysis of variance of a 2-way factorial. Repeated
measures were incorporated as random effects factors. Forage class, month, and year
were incorporated as fixed effects factors. Sites were the experimental units for levels of
forage class. Repeated measures on Sites were experimental units for year and month.
Biomass production and forage kochia frequency were transformed with a square root
transformation to meet assumptions of normality and homogeneity of variance.
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Treatment means were reported as original, nontransformed data. Treatment means were
separated using LSMEANS method and main effects were adjusted for Type I error
inflation using the Tukey method. Data analysis was conducted using the GLIMMIX
procedure in SAS v 9.3 (SAS Institute, Cary, NC: P < 0.05).

RESULTS

Annual grass production was the lowest at Site 2 which may be a result of the site
being established on an area that had the top soil layer removed by a road grader. Annual
grass production was high on Site 1 –adjacent to Site 2– which had not been disturbed by
the road grader. Forage kochia and Vavilov II established on all five sites (Table 5.1).
Site 5 contained the only plot that showed a significant decrease in annual grasses over
the two years of the study, 538 ± 44 and 221 ± 44 kg · ha-1, respectively (P < 0.0001; Fig.
5.3). This site also had the greatest increase in Vavilov II over the two years, 207 ± 44
and 601 ± 44 kg · ha-1, respectively, and produced the greatest amount of forage of all
locations. Site 5 had the greatest production of forage kochia during the last harvest
(Table 5.1). Site 2 which received the disturbance from the road grader had a high
production of Vavilov II (Table 5.1). At the last harvest, July 2013, 44 % of the total
forage produced at the site was Vavilov II. Sites 1, 3, and 4 received similar disturbance
and had the lowest production of Vavilov II among the five plots evaluated. In contrast,
annual grass production was the greatest at these three sites during the last year of the
study (2013). Forage kochia production was the greatest at Sites 2 and 5 during the last
harvest.
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Crude protein content of all forage classes was the greatest in May and it
decreased among forage classes during July except for forage kochia at Sites 1, 2, and 4
as CP concentrations were similar during May and July (Table 5.2). Forage kochia
increased in CP content at Site 3 across sampling periods, whereas CP concentration
decreased from May to July at Site 5. Neutral detergent fiber content increased in the
annual grass, forb, and Vavilov II samples from May to July at all locations. However,
NDF content was similar in forage kochia between the May and July harvests at all
locations. In vitro dry matter digestibility content decreased in all samples from May to
July except for forage kochia at Site 3 where digestibility values increased.
Forage kochia frequency was greatest at Site 5 during 2012 and decreased by half
the following year, from 11.7 ± 0.75 to 6.5 ± 0.75 plants · 0.25 m2, respectively, but this
was still the site with the greatest frequency of forage kochia for all locations. The next
location with the greatest frequency of forage kochia plants was Site 2 whereas the lowest
frequency of forage kochia plants occurred at Site 1 (Table 5.3).
Lupine density was low at all locations and it was below 1 plant · 0.25 m2
throughout the study. Abundance of lupine density in the Channeled Scablands changes
as a function of precipitation (Ralphs et al., 2011b). Precipitation was below the 50 yr
average in two out of the three years of the study, which compounded with a prolonged
drought in the region may have accounted for the low lupine density.

DISCUSSION

This study shows that mechanical disturbance produced by a disk provided
enough of a disturbance for Vavilov II and Immigrant forage kochia plants to establish on
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the medusahead-invaded rangelands of eastern Washington. However, the additional
disturbance from a road grader at Site 2 and the extra passes of the disk performed at Site
5 provided better opportunities for Vavilov II and Immigrant forage kochia establishment
as evidenced by the greater biomass production observed at these two sites.
Providing an alternative forage source to medusahead- and lupine-infested
rangeland can help reduce the incidence of CCS in livestock. Cattle on the Channeled
Scablands increase lupine consumption as desirable forages decrease in abundance
(Lopez-Ortiz et al., 2007; Ralphs et al., 2006) which typically coincides with the critical
period of gestation when cattle are more susceptible to poisoning. Perennial grasses
provide an alternative forage source over annual grass species, whereas Immigrant forage
kochia may provide an alternative high protein forage source to lupine. In support of the
latter, Ralphs et al. (2011c) using pen feeding trials demonstrated that cattle prefer
immigrant forage kochia over lupine.
Crude protein content decreased in perennial grasses, annual grasses, and forbs
from May to July. On the other hand, CP concentration in forage kochia remained fairly
constant across sampling dates at three sites and it increased at one site. Averaged across
sites, CP content in forage kochia ranged from 8.5 to 12.6 %. Lupine was collected at the
different locations in this study during the month of July and it yielded CP concentrations
of approximately 14 %. From these results we suggest that forage kochia would provide a
good alternative protein source for livestock later in the season as CP levels in other
forages declines, a period when cattle typically begin to graze lupine. On previous studies
conducted on the Channeled Scablands, CP content in lupine has been reported at 15 %
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by the end of June and decreasing to 10.6 % in July (Lopez-Ortiz et al., 2007), or at 15 %
during July (Ralphs et al., 2006).
Increasing perennial grasses and forbs can reduce the abundance of weedy species
as well as the invasion of exotic species into susceptible areas (Baker and Wilson, 2004;
Blumenthal et al., 2003). Under heavy disturbance, competition from annual grasses may
be reduced to a level that permits the establishment of annual forbs such as fiddleneck,
mustards, and Russian thistle (Salsola tragus L.) (Humphrey, 1945). Young and Evans
(1972) observed that killing medusahead with an herbicide and then tilling the site
resulted in a succession of undesirable species with Russian thistle becoming the
dominant species, followed by tumble mustard, downy brome, and eventually back to
medusahead again. We observed a similar succession at one of the study sites. Site 5 was
heavily infested with fiddleneck the first year after disturbance and planting. The next
summer, the presence of fiddleneck was limited to a few plants, but a vetch (Vicia spp.)
heavily infested the plots. By the third summer, the presence of fiddleneck and vetch
declined and Vavilov II and Immigrant forage kochia were the dominant species at the
site. However, medusahead was present in areas where there was little competition from
Vavilov II or Immigrant forage kochia.
Forage kochia can be slow at establishing in restored areas but its abundance and
frequency can increase over time (Monaco et al., 2003). Forage kochia had three years to
establish (data was not collected in 2011) during this study and the frequency of plants
was still increasing by the third year at Sites 1, 2, and 3. Frequency of forage kochia
plants remained fairly similar across time at Site 4 and it decreased at Site 5, with a
maximum of 12 plants · 0.25 m2 in 2012, and a declining trend the following year.
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IMPLICATIONS

Vavilov II and Immigrant forage kochia established at all locations evaluated in
this study. The minimal disturbance from disking was enough to provide an opportunity
for Vavilov II and Immigrant forage kochia to establish. The increased forage production
from Vavilov II and Immigrant forage kochia can provide an alternative forage source to
help reduce the consumption of lupine by cattle and mitigate the incidence of CCS. The
CP content of forage kochia remained high late into the season at a time when cattle need
an alternative forage source to lupine to help meet their nutritional requirements. Grazing
studies need to be conducted to determine if cattle will prefer to consume Immigrant
forage kochia over lupine in a natural grazing situation.
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Table 5.1. Biomass production of vegetation classes (kg · ha-1) on five study sites across
the Channeled Scablands of eastern Washington during May and July over two years
(2012, 2013).
----------2012-------------------2013---------Location
Plant
---May-----July-----May-----July--1
Site 1
Annual grass
720 ab
372 de
575 bc
393 cde
Forb
160 fg
826 a
361 de
491 cd
Forage kochia
6g
59 g
109 fg
42 g
Vavilov II
13 g
132 fg
112 fg
283 ef
Site 22

Annual grass
Forb
Forage kochia
Vavilov II

175
143
11
190

128
617
65
728

194
104
108
506

106
372
167
514

Site 33

Annual grass
Forb
Forage kochia
Vavilov II

388 ab
50 f
10 h
19 gh

262 cd
504 a
18 gh
58 f

509 a
152 e
10 h
29 gh

390 ab
304 bc
40 fg
206 de

Site 44

Annual grass
Forb
Forage kochia
Vavilov II

369
129
0
29

373
433
14
269

567
189
120
74

403
246
65
300

Site 55

Annual grass
610
466
219
224
Forb
330
746
64
368
Forage kochia
55
64
81
286
Vavilov II
124
292
365
836
1
Standard Error = 67.1. Means followed by different letters differ at the KBu location (P
< 0.05).
2
Standard Error = 100.1.
3
Standard Error = 29.07. Means followed by different letters differ at the N location (P <
0.05).
4
Standard Error = 47.4.
5
Standard Error = 62.4.
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Table 5.2. Forage quality (CP, NDF, IVTD) of vegetation classes collected on five study sites across the Channeled Scablands
of eastern Washington during May and July.
Plot
Site 1

Plant
AG
Forb
Forage Kochia
Vavilov II

----------CP1------------May-----July--7.1 ± 0.26 d
4.2 ± 0.26 f
13.7 ± 0.29 a
8.9 ± 0.27 c
12.2 ± 0.75 b
11.2 ± 0.61 b
8.5 ± 0.61 c
6.1 ± 0.34 e

Site 2

AG
Forb
Forage Kochia
Vavilov II

7.1 ± 0.49 d
14.2 ± 0.58 a
13.4 ± 0.73 ab
8.3 ± 0.47 c

4.9 ± 0.51 f
7.3 ± 0.47 cd
11.3 ± 0.73 b
5.8 ± 0.45 e

63.3 ± 0.90 b
40.9 ± 1.07 e
42.5 ± 1.34 de
62.6 ± 0.86 b

74.5 ± 0.93 a
52.8 ± 0.86 c
45.1 ± 1.34 d
64.3 ± 0.82 b

79.8 ± 1.08 b
86.8 ± 1.28 a
84.8 ± 1.61 a
79.5 ± 1.04 b

68.0 ± 1.12 c
69.0 ± 1.04 c
79.2 ± 1.61 b
70.0 ± 0.99 c

Site 3

AG
Forb
Forage Kochia
Vavilov II

7.4 ± 0.25 c
13.4 ± 0.34 a
8.6 ± 0.96 c
7.4 ± 0.68 cd

4.9 ± 0.25 e
10.7 ± 0.25 b
12.4 ± 0.68 a
6.3 ± 0.30 d

62.1 ± 0.65 c
41.8 ± 0.91 e
50.0 ± 2.57 d
59.4 ± 1.82 c

72.1 ± 0.65 a
45.7 ± 0.66 d
44.2 ± 1.82 de
65.2 ± 0.79 b

80.9 ± 0.68 b
87.0 ± 0.94 a
79.4 ± 2.66 bc
80.8 ± 1.88 bc

68.7 ± 0.68 d
77.1 ± 0.69 c
85.7 ± 1.88 ab
68.6 ± 0.82 d

Site 4

AG
Forb
Forage Kochia
Vavilov II

7.7 ± 0.64 c
13.8 ± 0.69 a
13.9 ± 1.23 a
8.2 ± 0.90 bc

4.3 ± 0.62 d
9.4 ± 0.62 b
12.6 ± 1.16 a
8.1 ± 0.65 c

61.4 ± 1.02 bc
45.3 ± 1.09 e
46.4 ± 1.97 e
58.2 ± 1.44 c

74.2 ± 0.99 a
50.9 ± 0.99 d
43.4 ± 1.86 e
63.7 ± 1.04 b

81.9 ± 1.27 a
81.8 ± 1.37 a
82.8 ± 2.47 a
82.6 ± 1.80 a

66.8 ± 1.23 c
70.8 ± 1.23 b
81.8 ± 2.32 a
69.1 ± 1.30 bc

Site 5

----------NDF2------------May-----July--63.7 ± 0.79 b
74.0 ± 0.79 a
43.7 ± 0.85 e
52.5 ± 0.81 c
48.8 ± 2.24 cd
48.4 ± 1.83 d
62.8 ± 1.83 b
66.0 ± 1.00 b

----------IVTD3------------May-----July--79.2 ± 0.93 b
67.6 ± 0.93 c
84.0 ± 1.00 a
67.3 ± 0.95 c
79.4 ± 2.64 ab
77.2 ± 2.16 b
79.2 ± 2.16 b
67.2 ± 1.18 c

AG
7.3 ± 0.32 e
4.2 ± 0.32 g
61.2 ± 0.66 c
75.9 ± 0.66 a
79.5 ± 0.73 b
Forb
15.7 ± 0.33 a
9.5 ± 0.34 c
44.4 ± 0.69 f
55.4 ± 0.70 d
85.0 ± 0.76 a
Forage Kochia
12.3 ± 0.44 b
8.5 ± 0.36 d
45.2 ± 0.91 ef
47.5 ± 0.74 e
80.3 ± 1.00 b
Vavilov II
8.3 ± 0.34 d
5.4 ± 0.33 f
55.2 ± 0.70 d
65.0 ± 0.69 b
85.0 ± 0.77 a
1
Crude Protein; Means followed by different letters differ within a location (P < 0.05).
2
Neutral Detergent Fiber; Means followed by different letters differ within a location (P < 0.05).
3
In Vitro Dry Matter Digestibility; Means followed by different letters differ within a location (P < 0.05).

63.1 ± 0.73 e
68.2 ± 0.77 d
76.0 ± 0.81 c
68.4 ± 0.76 d
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Table 5.3. Kochia density (plants · 0.25 m2) on five study sites
across the Channeled Scablands of eastern Washington during
May and July over two years (2012, 2013).
Location
Month
2012
2013
Site 1
May
0.3
1.0
July
0.8
0.5
Site 2

May
July

0.8
2.4

3.1
1.9

Site 3

May
July

0.8
1.3

1.3
1.3

Site 4

May
July

2.4
1.3

2.1
1.3

Site 5

May
July

10.1
13.0

7.4
5.6
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Figure 5.1. Map of five study sites on the Channeled Scablands of eastern Washington.
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Figure 5.2. Seasonal precipitation to the north and west of the study site during the study
and 50 year average.
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Figure 5.3. Dry matter biomass production (kg · ha-1) of annual grasses, forbs, Immigrant
forage kochia, and Vavilov II at five study sites across the Channeled Scablands of
eastern Washington.
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CHAPTER 6
STATE AND TRANSITION MODEL FOR THE CHANNELED SCABLANDS OF
EASTERN WASHINGTON

ON THE GROUND
•

A large portion of the historical shrub-steppe habitats in eastern Washington have
been altered through a long history of land uses. Annual grasses such as Bromus
tectorum and Taeniatherum caput-medusae have invaded and become a large
component of the altered vegetation.

•

A State and Transition model for the Columbia Plateau and Basin in eastern
Washington is necessary to help land managers and producers understand the
vegetation dynamics occurring in the region.

Introduction
The Columbia Plateau and Basin in eastern Washington is underlain with basalt
from the Columbia River Basalt formation. Deposits of loess blown in from glacial
outwash plains to the west and south overlay the basalt. The highly productive loess
ranges from 5 to 130 cm deep1. Catastrophic glacial floods that occurred 14 000 to 20
000 years ago2 scoured the loess and cut it down to the basaltic floor to create a large
network of scoured channels to form the Channeled Scablands. Low lying hills in the
Channeled Scablands avoided erosion from the glacial floods and are now fertile farming
operations.
Settlers quickly determined the soil was excellent for wheat production and most
of the native vegetation communities were displaced as the land was converted to farm
ground. The remaining vegetation communities are located in arid lands with shallow
soils and are broken remnants found throughout the Channeled Scablands. These broken
remnants have been heavily utilized for grazing and most areas have been overgrazed3.
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The native vegetation in eastern Washington did not evolve under heavy grazing pressure
from large ungulates and the rangeland was not prepared for the intensive grazing that
ensued4,5. It was recognized as early as 1893 that the original bunchgrasses were being
rapidly destroyed by severe overgrazing6. Parts of eastern Washington were reported to
have been severely overgrazed by the early 1900’s7. Continuous heavy grazing caused a
change in the vegetation communities4.
The native vegetation in eastern Washington did not evolve under frequent fire
regimes4. Historical fire return intervals for Artemisia tridentata Nutt.-steppe
communities may have been in the range of 60-110 years8. Artemisia tridentata does not
resprout after fire and can be removed from a community with frequent fires. Full
recovery of A. tridentata after fire is variable and can require 50-120 years9.
Vegetation communities in eastern Washington, prior to European-American
settlement, consisted of a shrub-steppe community. The A. tridentata- Pseudoroegneria
spicata (Pursh) Á. Löve association represents the historical climax plant community
located on the largest and in the driest climatic region of the Columbia Plateau and Basin.
It is located within the Columbia Basin major land resource area (B007X)10 and is
represented by a 6 to 9 inch precipitation zone and can occupy the drier portions of the
Columbia Plateau major land resource area (B008X)10 that is distinguished with a 9 to 15
inch precipitation zone. The intact late-seral stage is dominated by A. tridentata ssp.
wyomingensis (Beetle & Young) S.L. Welsh and A. tridentata ssp. tridentata can both be
found throughout the association. Artemisia tridentata ssp. wyomingensis grows in low to
intermediate elevations and inhabits sites that are drier than those occupied by A.
tridentata ssp. tridentata. Artemisia tridentata spp. tridentata is typically found at low to
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mid elevations in valleys and mountain foothills and occupies sites with deep fertile
loamy to sandy soils.
Pseudoroegneria spicata is the dominant perennial grass. Festuca idahoensis
Elmer is not as tolerant of dryness or heat as P. spicata and is found very little throughout
the drier portions of the association. Festuca idahoensis is found eastward in the
Columbia Basin on moisture sites as the elevation increases and on north facing slopes
and drainages that remain cool and have higher residual moisture in the soil. It increases
in abundance in the 9 to 15 inch precipitation zone of the Columbia Plateau. An increase
in precipitation and decrease in temperature makes it possible for F. idahoensis to
maintain populations when in competition with P. spicata11. The introduction of the F.
idahoensis zone along the eastern portion of the Columbia Basin is a clear reflection of a
critical point on a scale of gradually increasing moisture and/or decreasing temperature4.
Poa secunda J. Presl is a small, shallow-rooted, perennial bunchgrass that matures
early in the season. Its coverage varies from 13-75% within the vegetation communities
in eastern Washington4. Other perennial grasses consist of variable amounts of
Hesperostipa comata (Trin. & Rupr.) Barkworth, Achnatherum thurberianum (Piper)
Barkworth, Poa cusickii Vasey, Koeleria macrantha (Ledeb.) Schult., Achnatherum
nelsonii (Scribn.) Barkworth, and Elymus elymoides (Raf.) Swezey4.
Shrub species that resprout after a fire, Chrysothamnus viscidiflorus (Hook.)
Nutt., Ericameria nauseosa (Pall. Ex Pursh) G.L. Nesom & Baird, Tetradymia canescens
DC, Grayia spinosa (Hook.) Moq., and A. tripartita Rydb., become a part of the
vegetation community that frequently burns as competition from A. tridentata is
decreased4.
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States and Transitions
Dynamics observed on rangelands can be described by State-and-Transition
models12. States are recognized as relatively stable assemblages of species occupying a
site and transitions are events that are triggered by natural occurrences (e.g., weather,
fire) or by human actions (e.g., grazing, introduction of species) or a combination13. More
than one potential steady state can result after a disturbance. The nature, frequency, and
intensity of a disturbance differentially impacts each plant species. The type of
community formed after a disturbance may depend on the ability of the species to survive
the disturbance or to repopulate after the disturbance14. Cultivation, heavy grazing, and
fire have all played a role leading to the reduction of the historical vegetation throughout
the Channeled Scablands and have led to an alteration of the historical vegetation to
annual grass vegetation states (Fig. 6.1).

Reference State
The reference state (State 1; Fig. 6.1) within the Columbia Plateau and Basin
consists of three separate community phases that can be present at any particular
ecological site at any particular time. The plant community in the intact phase (1.1) is
dominated with A. tridentata and varying portions of the bunchgrasses, P. spicata and F.
idahoensis, and forbs. Community pathway 1.1a occurs from disturbances such as
grazing, insects, and drought that result in the reduction of bunchgrasses. The resulting
community phase 1.2 is dominated by A. tridentata with a suppressed understory.
Naturally occurring wildfire, prescribed burning, herbicide application, insects, and
prolonged drought are disturbances that can result in phase shifts (1.1b, 1.2a) to a
community phase (1.3) that is dominated with perennial grasses and forbs. Fire tolerant
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shrubs may also be present. The native perennial grass dominant phase (1.3) may shift
(1.3a) back to the intact phase over time if disturbances are reduced; reduced grazing or
proper grazing, reduced fire frequency, along with favorable climatic conditions and
sagebrush seedling recruitment.

Transition T1a
Transition T1a altered the reference state to a new potential state (State 2; Fig.
6.1) as Europeans began to settle the region and altered the natural ecosystem. Settlers
quickly learned that the deeper soils were fertile and could grow abundant wheat crops.
Much of the land was quickly converted by the plow to agricultural land and the
remaining remnants were heavily grazed by livestock. Settlers also introduced non-native
annual species that have adapted to the region and cannot be effectively removed from
the community once they become established.

Current Potential State
The current potential state (State 2) includes a plant community similar to the
reference state (State 1) with a component of invasive non-native species (2.1), such as B.
tectorum and T. caput-medusae. An ecosystem threshold has been crossed from the
reference state with the invasive species remaining a part of the plant community. The
native bunchgrass component is reduced. Careful management can prevent significant
disturbances that can cause increases in the non-native invasive species to a magnitude
that dominates the community.
Community pathway 2.1a occurs when disturbances such as grazing, insects, and
drought reduce the bunchgrass component and shifts the plant community to one
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dominated by A. tridentata and with less competition from the native bunchgrasses leads
to an even greater increase in invasive annuals (2.2). Heavy livestock grazing results in
overuse of the native perennial grasses leading to a decrease in the herbaceous
components of the A. tridentata association. Artemisia tridentata competes with the
herbaceous understory and suppresses establishment of new grass plants15. However, P.
secunda increases in abundance, as native bunchgrasses are removed from the
community. With severe overgrazing P. secunda and B. tectorum become the most
abundant species.
Community pathways 2.1b and 2.2a occur as disturbances such as increased fire,
insects, prolonged drought, and chemical or mechanical vegetation manipulation reduce
the A. tridentata component of the community. The community phase 2.3 is dominated
with perennial grasses and forbs along with fire tolerant shrubs and non-native species.
As long as the native grasses are healthy, they can compete with B. tectorum and T.
caput-medusae to keep them to a minimum within the community.
Community pathway 2.3a can occur in time, with the removal of grazing or
proper grazing practices, a decrease in fire frequency, along with favorable climatic
conditions. Artemisia tridentata can increase with seedling recruitment and the plant
community can shift back to a community with A. tridentata and perennial bunchgrasses
similar to community 2.1. A seed source of A. tridentata will be required and human
intervention may be necessary to supply the seed source.

Transition T2a
The community phases within the current potential state (State 2) are considered
at-risk plant communities. The presence of annual grasses increases the risk of a
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disturbance converting the plant community across another threshold to an A. tridentatainvasive plant state (State 3) or an invasive plant state (State 4). Transition T2a can occur
from continued inappropriate grazing. Perennial grasses and the forb understory is
suppressed reducing the fire interval and the A. tridentata canopy increases and the A.
tridentata-invasive plant state (State 3) is created.

Transition T1b & T2b
An increase in fire frequency and/or prolonged drought reduce A. tridentata cover
and eventually the seed bank from within the community and since native perennial
grasses have also been removed, the community can transition (T2b) to an invasive plant
state (State 4).
Transitions T1b can occur as land is plowed and converted to farm ground.
Annual grasses are part of the nearby vegetation communities and farm ground that is
abandoned and allowed to naturally revegetate itself would provide an open opportunity
for the invasive annual grasses to take over and convert the vegetation community to an
invasive plant state (State 4). Even farm ground that is taken out of production and
planted to desired species could have a difficult time keeping out the annual grasses if
any disturbance or prolonged drought occurred16.

Invasive Plant State
The invasive plant state is formed as the non-native invasive species that were
part of the potential state plant communities (State 2) increase after disturbance. Bromus
tectorum increases in abundance and starts displacing the natural vegetation communities
(State 4). Bromus tectorum was first reported in Washington in 189317. However, it was
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not reported in the study of vegetation of southeastern Washington18 in the early 1900’s.
Bromus tectorum was later reported as a component of the naturalized climax plant
community19. The plant community becomes dominated with B. tectorum, forbs, fire
tolerant shrubs, and a few native perennials (4.1). Desirable perennial forbs are replaced
with less desirable forbs such as Lactuca serriola L., Salsola tragus L., Tragopogon
dubius Scop., Sisymbrium altissimum L., Amsinckia intermedia Fisch. & C.A. Mey., and
Chondrilla juncea L. An increase in fire frequency leads to an increase in fire tolerant
shrubs within the community (4.1).
Improper grazing and an increase in fire frequency causes a community pathway
(4.1a) shift to a community phase (4.2) dominated with the annual grass species B.
tectorum and T. caput-medusae as the remaining perennial grasses are removed from the
plant community. Heavy spring grazing of B. tectorum causes a community pathway
(4.2a) shift with a decrease in B. tectorum abundance20. Two consecutive years of spring
grazing causes a significant reduction in B. tectorum21. The new community phase (4.3)
is dominated with T. caput-medusae and annual forbs. T. caput-medusae is colonizing
portions of B. tectorum range22,23. Taeniatherum caput-medusae is fire enhancing and
appears to increase under frequent fire (4.3a) at the expense of B. tectorum24.
Taeniatherum caput-medusae germinates significantly faster than B. tectorum under
conditions of relatively low water potentials and variable temperatures25.

Transition T3a
Once an annual grass dominated site occurs, reversal becomes difficult and a
significant investment in resources may be necessary to transition (T3a) the invasive
annual state to a more productive and functional seeded range state (State 5). Annual
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grasses can be difficult to remove and an integrated management plan combining fire,
herbicides, mechanical tilling and grazing may be necessary to alter the vegetation26. If T.
caput-medusae dominates the site, the thatch layer will need to be removed for herbicides
to make plant and soil contact to increase their effectiveness27,28. A light disking in the
fall can be used to disturb T. caput-medusae seedlings that have germinated. A proper
seed bed needs to be prepared prior to planting new grasses. If native perennial grasses
still remain in the plant community, herbicides can be used to reduce T. caput-medusae
providing an opportunity for the native perennial vegetation to increase in abundance26.

Seeded Range State
A newly planted community (5.1) should consist of perennial grasses that can
establish in harsh environments and compete with invasive species27,28. With favorable
climatic conditions, proper grazing practices, and an A. tridentata seed source, a
community pathway (5.1a) can shift to an increase in A. tridentata and create a new plant
community phase (5.2). A community pathway (5.2a) can occur when disturbances such
as fire, insects, and drought kill and/or reduce the A. tridentata component of the
community and shift it to a community dominated by introduced perennial grasses and
forbs (5.1).

R4a
Recovery (R4a) of a plant community, after an ecological threshold has been
crossed, may require significant resource investments and considerable management to
restart or redirect succession on a desired trajectory. A long period of time (over 100-150
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years) will be necessary for native grasses, A. tridentata, and forbs to re-establish and to
recover (R4a) after reseeding (State 5) back to the potential state (State 2).

Conclusions
The water supply in the region is a chief limiting factor to plant growth29. The
Columbia Plateau and Basin are semi-arid regions with low annual precipitation and high
evaporation rates. Harsh environmental conditions (high temperatures, low precipitation,
and soil erosion) and the presence of invasive annual grasses make successful
revegetation a challenge.
Lupinus are forb species that are part of the plant communities in eastern
Washington and can cause drastic problems for livestock producers. Cows that consume
L. leucophyllus Douglas ex Lindl. during 40 to 100th d of gestation risk crooked calf
syndrome (CCS). The teratogenic alkaloids, anagyrine, ammodendrine, and N-methyl
ammodendrine have been identified in some Lupinus species30 and found to cause
skeletal malformations in the developing fetus referred to as CCS. The incidence of CCS
in eastern Washington occurs on degraded rangelands when forage quality is lacking and
cows begin to consume L. leucophyllus because it remains green and succulent longer
into the summer grazing season31. Lupinus is an increaser species and increases in
abundance following disturbance32. Lupinus leucophyllus is relatively undamaged by
fire33. The above ground parts are generally consumed by fire but its relatively deep tap
root and capability to respout gives it the ability to come back after. Lupines are deeprooted perennial forbs that are part of many different plant communities from sagebrush,
grass, pinyon-juniper, and mountain brush34. Lupinus seeds have a hard seed coat which
allows them to survive in the soil for long periods and remain a part of the forb
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component even after disturbances. Consecutive wet year’s lead to large Lupinus
outbreaks which can cause large catastrophic losses from CCS such as the outbreak
which occurred in the 1990’s35. Lupinus can be prominent and productive but it may not
occur in all vegetation stands36. Lupinus can potentially always remain a component of
the vegetation communities in eastern Washington.
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1. Reference State
1.1a
1.1 Artemisia tridentata / Pseudoroegneria spicata-

1.3a

Festuca idahoensis / Forbs
T1b

1.1b
1.2 Artemisia tridentata / Other
shrubs / Poa secunda / Forbs

1.2a

1.3 Pseudoroegneria spicataFestuca idahoensis / Poa secunda /
Fire tolerant shrubs / Forbs
T1a

2. Potential State
2.1a

2.1 Artemisia tridentata / Pseudoroegneria spicata-Festuca
idahoensis / Poa secunda / Non-native species / Forbs

2.3a

R4a
2.2 Artemisia tridentata / Poa
secunda / Non-native species /
Forbs

2.1b

2.2a

2.3 Pseudoroegneria spicataFestuca idahoensis / Poa secunda
/ Non-native species / Forbs
T2b

T2a
3. Artemisia
tridentata / Invasive
Plant State
Artemisia
tridentata /
Bromus tectorum
/ Taeniatherum
caput-medusae /
Poa secunda /
forbs

4. Invasive Plant State
4.1a

4.1 Bromus tectorum / Poa secunda / Forbs /
Native perennials / Fire tolerant shrubs
4.3a

4.2 Bromus tectorum /
Taeniatherum caputmedusae / Poa secunda
/ Forbs

4.2a 4.3 Taeniatherum
caput-medusae /
Poa secunda /
Forbs

T3a
5. Seeded Range State
5.1 Intentionally introduced
perennial plants

5.1a

5.2 Native shrubs / Intentionally
introduced perennial plant
understory / Forbs

5.2a

Figure 6.1. State-and-Transition model for the Columbia Basin and Columbia Plateau in
eastern Washington.
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CHAPTER 7
SUMMARY AND CONCLUSIONS

The native shrub-steppe vegetation on the Channeled Scablands has been altered
through biotic (e.g., anthropogenic) and abiotic (e.g., climate) processes. Conversion of
fertile soils to crop land through cultivation, heavy grazing utilization, fires, and drought
have all played a role in changing the vegetation to an annual grass-dominated state.
Livestock producers are faced with two major issues challenging their livestock
operations. First, the ecosystem has been altered and annual grasses have replaced much
of the native vegetation and medusahead has become a major component of the system.
Second, with medusahead and annual weedy forbs as the primary forage source, the
conditions are set for cattle to start grazing the highly nutritious velvet lupine that is
poisonous to cattle during the critical stage of gestation (40 - 100 d) increasing the
incidence of CCS. Thus, alternative forage sources need to be provided to producers to
help reduce the consumption of lupine by pregnant cattle.
Grazing and revegetation are two sustainable inputs which can reverse the
aforementioned trends at the plant community level improving rangeland health and
livestock production. Utilization of medusahead by livestock has had varying results.
James et al. (2015) report that medusahead abundance can be reduced the first year
following grazing but the window when plants are palatable to livestock and susceptible
to defoliation is narrow. As the phenological stage of medusahead increases, the
palatability and utilization of medusahead decreases. During the period when
medusahead is susceptible to grazing, the CP content may be at levels that meet livestock
requirements. However, as the plant continues to mature the CP content declines. Crude
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protein concentration of medusahead during the grazing study was over 6 % in June and
declined to low as 3.7 % in August. Protein supplementation can provide the proper
nutritional context to assist utilization of medusahead by grazing livestock. The canola
meal supplemented in the grazing study helped increase utilization of medusahead in the
later days of the grazing periods over the non-supplemented groups. Cattle also increased
consumption of medusahead the second year of the study which is likely due to a decline
in abundance of forage alternatives in the plant community. Decreases in forage
alternatives can result in cattle consuming lupine and risking CCS. Re-establishing plant
species through revegetation is necessary to provide alternative forage sources.
Revegetation is also necessary to convert annual grasslands to vegetation states
that consist of palatable forage within the plant community. Vavilov II, Hycrest II, and
Sherman big bluegrass were all successful in establishing at different locations
throughout the Channeled Scablands. All three grasses persisted throughout the study and
provided an increase in forage biomass. Unfortunately, forage kochia did not establish in
this study likely due to herbicide residue reaming from chlorsulfuron and sulfometuron
methyl herbicide. In a separate study, mechanical disturbance from disking in the fall was
successful in aiding in establishment of Vavilov II and Immigrant forage kochia at four
locations throughout the Channeled Scablands.
Results from the revegetation studies show that Vavilov II, Hycrest II, Sherman
big bluegrass, and Immigrant forage kochia are all possible alternative forage sources that
will establish on the Channeled Scablands. Further research needs to be conducted to
determine whether livestock will graze these alternative forage sources over lupine.
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Results obtained from the revegetation experiments have resulted in producers
providing additional land to continue the research on a larger scale. One producer has
provided 25 acres that was mechanically disturbed and then planted with Hycrest II,
Vavilov II, Sherman big bluegrass, Don alfalfa, and Immigrant forage kochia. This
location may provide an opportunity to conduct grazing trials in the future to determine if
livestock will utilize these plant species instead of lupine.
Three field days were conducted at the revegetated plots over three different years
to present research results to land owners in the region. These field days have resulted in
one producer developing a long-term plan and implementing an integrated management
plan to revegetate his medusahead infested rangeland. In the spring of 2014 he applied
herbicides on 160 acres and then grazed the forage during the summer months. In the fall
he applied a mechanical disturbance to eliminate any medusahead that germinated and
then planted a mix of grasses and forage kochia. All the methods he used were based on
recommendations from the research conducted and presented at the field days.
In summary, this research illustrates that grazing, supplementation, and
revegetation efforts are all tools and inputs which can modify the current state of plant
communities in the Scablands of eastern Washington and create a more sustainable
livestock production system in the region. Future research needs to assess the synergy of
grazing, revegetation, and additional tools (e.g., chemical treatment, fire, fertilization) on
rangeland health, livestock production, and incidence of CCS during years of high risk.
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APPENDIX A
CATTLE PREFERENCE FOR FORAGE KOCHIA (Bassia prostrata) AND VELVET
LUPINE (Lupinus leucophyllus) GROWN ON THE CHANNELED SCABLANDS
OF EASTERN WASHINGTON

ABSTRACT

The consumption of velvet lupine by pregnant cows during 40 to 100 d of
gestation can result in skeletal deformities in the offspring leading to a condition known
as crooked calf syndrome. Vegetation on much of the rangelands in the Channeled
Scablands of eastern Washington has been degraded to an annual grassland dominated by
medusahead (Taeniatherum caput-medusae [L.] Nevski) and downy brome (Bromus
tectorum L.). The lack of quality forage results in cattle consuming velvet lupine during
the critical period of gestation. Providing alternative forages such as Immigrant forage
kochia (Bassia prostrata [L.] A.J. Scott) may help reduce the incidence of crooked calf
syndrome. Immigrant forage kochia and velvet lupine growing on the Channeled
Scablands was harvested and offered to cattle in a pen feeding trial to determine cattle
preference for the two forages during June and July, 2013. Cattle consumed more
Immigrant forage kochia than lupine. Consumption of forage kochia was greater
following the July harvest. Immigrant forage kochia was similar in crude protein content
at the June and July harvests, 11 % and 12 %, respectively. Lupine harvested in June had
greater crude protein content, 19 %, and decreased at the July harvest to 8 %. Cattle
preferred Immigrant forage kochia over velvet lupine harvested during the summer
months. Grazing studies need to be conducted to determine if cattle will readily graze
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Immigrant forage kochia during the summer months and thus provide an alternative
forage source for grazing cattle during the critical period of gestation.

INTRODUCTION

Cattle that consume velvet lupine (Lupinus leucophyllus Douglas ex Lindl.) on the
Channeled Scablands of eastern Washington are susceptible to a condition known as
crooked calf syndrome (CCS). Velvet lupine contains the teratogenic alkaloid anagyrine
(Keeler, 1976) and when consumed by pregnant cows between 40 and 100 d of gestation
can result in skeletal deformities in the offspring. Deformities can result in skeletal
malformations leading to twisting of the spine, neck and legs (Lee et al., 2008).
The original shrub-steppe vegetation in the Channeled Scablands consisted of
sagebrush (Artemisia spp.) associated with bluebunch wheatgrass (Pseudoroegneria
spicata [Pursh] A. Love), Idaho fescue (Festuca idahoensis Elmer) and/or other perennial
bunchgrasses (Franklin and Dyrness, 1973). The original vegetation has been degraded to
an annual grassland dominated by medusahead (Taeniatherum caput-medusae [L.]
Nevski) and downy brome (Bromus tectorum L.). In spring calving cattle operations,
producers can turn bulls out with cows as early as June 1. This leads to the critical period
of gestation occurring as early as July and going through August, September, and
possibly into October. Previous research has shown that cattle start to increase
consumption of velvet lupine during the later summer months as desirable forage matures
and becomes less palatable (Lopez-Ortiz et al., 2007; Ralphs et al., 2006) Providing an
alternative forage source for grazing livestock during the critical period of gestation can
help reduce the incidence of crooked calf syndrome. Immigrant forage kochia (Bassia
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prostrata [L.] A.J. Scott; syn. Kochia prostrata [L.] Schrad.) has been utilized as a fall
and winter grazing forage source (Waldron et al., 2010) however, the preference for
forage kochia during the summer grazing months is less known.
The objective of this study was to compare the relative palatability of Immigrant
forage kochia growing on the Channeled Scablands along with velvet lupine that also
grows on the Channeled Scablands and determine if cattle have preference for Immigrant
forage kochia during the summer.

METHODS

The study was conducted in the Channeled Scablands of eastern Washington. The
preference feeding trial was conducted in June and July, 2013. Immigrant forage kochia
was harvested from a location that was seeded in January (2010). The plot was located 53
km south of Ritzville, WA (46°39.62’N, 118°16.25’W, 392 m). Velvet lupine was
harvested 36 km south of Ritzville, WA (46°47.54’N, 118°17.61’ W, 400 m). In June,
lupine was in the flowering stage with seeds pods starting to develop on some of the
flower heads. In July, the seed pods had shattered and the lupine was starting to senesce.
Immigrant forage kochia was green and succulent with the lower limbs a red color during
both months. Forage samples were collected the evening prior to the feeding trial. Forage
samples were clipped to a 10 cm length and weighed into individual 0.9-m rubber feeding
tubs.
The animals consisted of eight Hereford steers (525 ± 6.8 kg) and eight Angus
heifers 312 ± 6.8 kg). Animals were grouped one heifer and one steer together and held in
a corral overnight. Animals had been on a 10-d grazing trial grazing medusahead and
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other annual grasses and annual forbs (Chapter 3). During the grazing study, half of the
animal pairs were supplemented with protein and the other half did not receive any
supplement. The animals were placed in the corral at 18:00 hrs at the conclusion of the
grazing trial and fed 13 kg of alfalfa hay per corral. All animal procedures were approved
by the Utah State University Institutional Animal Care and Use Committee (#2117) and
were conducted under veterinary supervision.
For the preference trial, cattle were offered 400 g (fresh weight) of Immigrant
forage kochia and 700 g (fresh weight) of velvet lupine in June and 625 g (fresh weight)
Immigrant forage kochia and 500 g (fresh weight) velvet lupine in July. The feed was
offered at 6:30 hrs the morning after the grazing study. Each pair of animals was offered
the Immigrant forage kochia and velvet lupine for a 10 min. period. After the 10 min.
period, any remaining feed was weighed and subtracted from the amount offered to
determine the fresh weight consumed per corral.
A subsample of each forage was collected prior to feeding and dried in a forcedair oven at 60°C to a constant weight. Dried samples were then ground in a Wiley mill to
pass through a 1-mm screen. Ground plant samples were analyzed for nitrogen (N)
content with the combustion method (AOAC, 1996) using a Leco CHN-2000 Series
Elemental Analyzer (Leco Corp., St. Joseph, MO). Levels of CP were determined by
multiplying N x 6.25. A two-stage method was used to determine in vitro true
digestibility (IVTD) with the first stage consisting of a 48-h in vitro fermentation in an
ANKOM Daisy II incubator (ANKOM Technology Corp.). Analysis of neutral detergent
fiber (NDF) and the second stage of the IVTD procedure were made using procedures
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modified for use in an ANKOM-200 Fiber Analyzer (ANKOM Technology Corp.,
Fairport, NY).
Forage quality and the effects of protein supplemented and non-supplemented
cattle on their preference for Immigrant forage kochia and velvet lupine at two different
harvests was assessed using an analysis of variance in a completely randomized design.
Animal pairs were the experimental unit. Pairwise mean comparisons were estimated and
adjusted for Type I error using the Tukey method. Data analysis was made using the
GLIMMIX procedure in SAS/STAT 9.3 (SAS Institute, Cary, NC).

RESULTS

Cattle consumed more Immigrant forage kochia than lupine (Table A.1).
Consumption of Immigrant forage kochia was higher during the July feeding trial (P =
0.022). The cattle that were not supplemented with protein during the grazing trial
consumed more Immigrant forage kochia than the supplemented group (P = 0.017), 313 ±
41 g and 154 ± 41 g, respectively.
Cattle spent more time in July feeding on the Immigrant forage kochia (P = 0.011;
Table A.1). The non-supplemented cattle spent more time feeding than the protein
supplemented cattle (P = 0.03), 4:11 ± 0:29 min. and 2:30 ± 0:29 min., respectively.
The lupine harvested in June had the highest CP content (Table A.2). Immigrant
forage kochia was similar in CP content in both June and July. Lupine harvested in July
had the lowest CP content. The NDF and IVTD content of Immigrant forage kochia was
similar during both months. Lupine harvested in June had lower NDF content than the
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July harvest. Lupine harvested in June had higher digestibility than lupine harvested in
July.

DISCUSSION

The grazing trial that was conducted prior to the preference trial occurred in June,
July, and August. The preference trial was only conducted in June and July because there
was very little Immigrant forage kochia remaining for harvest in August but more
importantly the lupine was senesced and had lost most of its leaves in August. The
animals did not consume any velvet lupine during the June and July feeding trials and the
chance of getting them to consume the senesced lupine in August was probably not going
to occur.
Cattle showed a preference for the Immigrant forage kochia. They consumed the
Immigrant forage kochia during both June and July. Cattle were not provided with a
choice for any perennial grasses. The lack of perennial grasses on the rangeland is a
problem that leads cattle to consume velvet lupine. Ralphs et al. (2011) showed that cattle
preferred crested wheatgrass (Agropyron cristatum [L.] Gaertn.) over forage kochia and
preferred forage kochia over lupine in pen feeding trials.

IMPLICATIONS

Cattle consumed the Immigrant forage kochia that was grown on the Channeled
Scablands and harvested during the summer months. The next step is to conduct grazing
studies at locations where both Immigrant forage kochia and velvet lupine are present and
determine the preference of grazing cattle.
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Table A.1. Intake of Immigrant forage kochia and velvet lupine offered to cattle and time
spent feeding (± SE).
Month Forage
Fresh Intake, g
DMI1, g
Time eating,
min
June
Immigrant forage kochia
167 ± 43
158 ± 41
2:19 ± 0:29
Lupine
0
0
0
July

Immigrant forage kochia
Lupine
1
Dry matter intake.

327 ± 43
0

309 ± 41
0

4:23 ± 0:29
0
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Table A.2. Forage quality of velvet lupine and Immigrant forage kochia offered to cattle
during preference feeding trial.
Month
Forage
CP1
NDF2
IVTD3
June
Immigrant forage kochia
11.1
49.6
72.4
Lupine
19.2
50.6
78.1
July

Immigrant forage kochia
Lupine
1
CP = Crude protein.
2
NDF= Neutral detergent fiber.
3
IVTD = In vitro true digestibility.

11.9
8.4

48.9
58.2

72.2
68.2
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APPENDIX B.
March 12, 2015
McRae Ranch
941 N Durry Rd.
Ritzville, WA 99169
(505) 650-7340
lukemcrae1976@gmail.com
To whom it may concern,
This letter is in support of ARS scientists from Logan, UT and their efforts to improve
the grazing value of Eastern Washington’s scablands. I have been interested in this
research since the plots were seeded on my neighbor’s ranch in 2009. After seeing
positive results at the first field day and plot tour in 2013, I began to plan my own range
reseeding project.
There is a definite need to improve the grazing land in our area, not only for rancher’s
economic reasons, but also for the health of the wildlife and ecosystem in general. Prior
to farm tractors, the proximity of the scablands to wheat farms resulted in the range being
overgrazed by draft animals. Also in a major transportation corridor, the range was
impacted by numerous fires sparked by the railroads. These events severely limited the
ability of native grasses to survive that type of pressure. What originally replaced the
native perennials was annual downy brome or “cheat” grass. That grass is marginal as a
forage, and through my lifetime had been our main source of feed. In the last 10 years or
so, medusa head has out-competed even the cheat grass, and is now the dominant grass
species on our rangelands. This grass is not palatable to livestock so it has no value to us
or even wildlife. Ranchers in our area are being forced to look at ways to improve our
grazing lands, and Logan’s group work is a very important first step.
On our ranch, we have several small pastures, spread 20 miles apart across Eastern
Adams County. We winter the cattle at home and then truck pairs in the spring to their
various summer pastures. We rotate grazing monthly at each location, and following
wheat harvest in August, the cattle are then allowed to graze wheat stubble. The stubble
grazing takes quite a bit of pressure off the grass. Calves are weaned in late September,
and the cows start coming home in November. We try to vary stocking rates, and
alternate months grazed at each location from one year to the next. Even through this type
of management, we have had to decrease our herd from a high of 180 cows in the early
1990s to about 100 currently. Taking increased weaning weights from 1990 into
consideration, this still does not account for a loss of 45% of our ranch’s carrying
capacity. Invasive medusa head is the primary culprit in the loss of available grazing on
our ranch, and the reason we are attempting to seed a healthier forage population.
In my initial planning for my reseeding project, I selected an area that had little
outcropping scab rock and a fair amount of topsoil over a gravel base. We also needed to
consider minimizing the costs of fencing the area off for the new grass to establish. As
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the plan unfolded, it became clear that this would have to be a fairly large undertaking.
To make the fencing, equipment rental, labor and seed investments worthwhile, we had to
reseed as large a piece as we could feasibly manage. Another reason for this is that when
the grass is established, there will be a large enough piece to manage the grazing on,
while we are taking out other range and reseeding those pieces. It is in this important first
step where the Logan group’s guidance has been especially helpful.
This can be a very risky project for a rancher. Weeds, adverse weather, or any number of
situations can detrimentally affect the grasses and forbs we are trying to establish. In my
mind though, I keep focused on this picture below of the plot the Logan group established
at Spencer’s ranch. This photo shows the results of the second year. To the left of the
photo you can see the mature cheat grass and medusa head bordering the fence. Beyond
the plot fence, yellow flowered Jim Hill mustard and purple vetch offer fleeting chances
for palatable grazing for our cattle. On the 19th of June 2013, the Siberian wheatgrass in
the plot was almost 3 feet tall, and lush and green. The bunchgrasses deep root system
will keep it green for another two weeks or so. There is forage kochia mixed within to
provide a healthy ration through the fall and winter. We are experimenting with alfalfa to
deliver nitrogen to the soil, and its flowers will also provide pollen for honey bees. This is
the environment we are trying to create. This work will benefit not only our economic
situation and the health of our cattle, but wildlife like native mule deer and elk. I believe
it is vitally important to attempt rehabilitating our rangeland, and I am grateful for the
efforts of the Logan ARS scientists for their effort in demonstrating to us that improving
our range in this region is possible.
Thank you,
Luke McRae
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CURRICULUM VITAE

Clinton Andrew Stonecipher
394 East 200 South
Hyde Park, Utah 84318
Phone: (435)752-2941
Email: Clint.Stonecipher@ars.usda.gov

Education
2015
2002
1994

Ph.D. Utah State University, Logan, UT., Range Science
Advisor: Juan J. Villalba
M.S. Utah State University, Logan, UT., Ruminant Nutrition.
Advisor: Dale ZoBell
B.S. University of Arizona, Tucson, AZ., Animal Science.

Work Experience
USDA
Dates Employed: 08/2006 to Present
AGRICULTURE RESEARCH SERVICE
POISONOUS PLANT RESEARCH LABORATORY
1150 East 1400 North
Logan, Utah 84341
Range Technician
♦ Collect ecological data on site characteristics and habitat of poisonous plants.
Monitor plant density and community dynamics. Correlate changes in plant density
with weather, environmental, and management factors.
♦ Monitor toxin levels in plants due to environmental stress factors.
♦ Conduct biological control trials. Locate and set up field experimental trials. Apply
experimental treatments, harvest plants, and measure responses of vegetation.
♦ Monitor livestock responses to poisonous plants and various classes of vegetation.
♦ Maintain accurate records of experimental procedures and results.
♦ Enter data into computer, run statistical programs, and present results in graphs and
tables.

UTAH STATE UNIVERSITY
4815 Old Main Hill
Logan, Utah 84322

Dates Employed: 03/1998 to 08/2006

Grazing Livestock Research Technician
♦ Perform tasks and supervise personnel conducting research trials to evaluate
livestock and vegetation responses to experimental grazing and livestock
management practices.
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♦ Collect ecological data to measure animal performance and forage production in
grazing studies.
♦ Collect range vegetation data in response to grazing activity. Determine biomass
production and utilization of vegetation through forage sampling.
♦ Manage nutrition laboratory.
♦ Supervise personnel and graduate students performing laboratory analyses to
evaluate nutritional characteristics of diet, rumen, fecal and forage samples.
♦ Supervise and perform tasks of animal husbandry to ensure proper health, nutrition,
breeding, and reproductive management of livestock on grazing and pen feeding
trials.
♦ Assist in livestock and wildlife grazing interaction studies. Duties include tracking
livestock and wildlife grazing patterns using global positioning system (GPS) and
geographic information system (GIS) technology.
♦ Prepare journal articles for publication and present data at scientific meetings.

CW DAIRY INC.
201 North 2400 West
(435)258-2859
Lewiston, UT 84320

Dates Employed: 11/1996 to 03/1998
Supervisor: Craig Westover

Dairy Herdsman
♦ Responsible for health of animals, artificial insemination, milking, feeding and
farming.
♦ Performed equipment and facilities maintenance.

SCHLOSSER RANCH
2577 Little Missouri Road
(307)878-4477
Hulett, WY 82720

Dates Employed: 07/1995 to 11/1996
Supervisor: Jimmy Schlosser

Beef Herdsman
♦ Duties included animal care and health, feeding, calving, doctoring, vaccinations.
♦ Performed maintenance of equipment and facilities.
♦ Stewardship of public and private land. Included farming, mining, road
construction and rotational grazing practices.

UNIVERSITY OF ARIZONA
4101 N. Campbell Ave.
Tucson, Arizona 85719

Dates Employed: 10/1992 to 01/1995
Supervisor: John Sanders

Farm Attendant Assistant
♦ Duties included artificial insemination, calving, lambing, maintaining herd health,
feeding and caring for experimental beef cattle and sheep.
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♦ Milling grains and mixing experimental feed rations.
♦ Maintain accurate records for pen feeding trials.
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